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PREFACE 


The  National  Aeronautics  and  Space  Ad&lniatration  has  organized  a nation- 
wide Regional  Applications  Program  to  transfer  NASA  technology  to  user  agen- 
cies. The  Western  Regional  Applications  Program  (WRAP),  covering  the  fourteen 
western  states,  has  established  a program  to  cooperate  with  colleges  and  uni- 
versities in  the  WRAP  states  in  increasing  and  enhancing  the  teaching  of  remote 
sensing  technology  to  enrolled  students,  faculty  members,  and  user  groups. 

As  a part  of  this  effort,  a Conference  of  Remote  Sensing  Educators 
(CORSE-78)  was  convened  to  stimilate  communication  among  faculty  members  and 
NASA,  and  to  encourage  exchange  of  class  materials,  curricula,  course  outlines, 
and  ideas  for  teaching  remote  sensing.  Two  days  of  formal  papers  led  off  the 
Conference,  followed  by  three  days  of  workshops  organized  around  regional  Inter- 
ests, data  acquisition  and  reduction  methods,  audiovisual  and  multimedia  tech- 
niques, and  discipline  Interests. 

Speakers  and  workshop  panel  members  were  Invited  from  universities  within 
the  WRAP  states  and  were  asked  to  speak  on  assigned  subjects  relat i ig  to  prob- 
lems associated  with  remote  sensing  curriculum  design,  teaching  methods  and 
equipment,  facilities,  and  texts.  Also  covered  were  the  attributes  of  a well- 
traxcf.d  remote  sensing  technician  and  technologist,  problems  In  Introducing 
new  remote  sensing  courses,  and  multidepartraental  approaches  to  teaching  remote 
sensing. 

The  proceedings  have  been  reproduced  from  manuscripts  submitted  by  the 
participants  and  are  intended  to  document  the  topics  discussed  at  the  workshop. 
A list  of  attendees  is  included  in  the  appendix.  Suggestions  for  a possible 
CORSE-80  are  solicited.  Send  comments  to  CORSE-80  Chairman,  NASA  Ames  Research 
Center,  Mall  Stop  240-7,  Moffett  Field,  CA  94035. 
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preceding 


Clarence  A.  Syvertson,  Director 
NASA  Ames  Research  Center 


As  you  know,  this  Conference  is  i::ionsored  by  the  NASA  Ames  Research  Center 
and  hosted  by  the  Stanford  School  of  Earth  Sciences.  Our  two  organizations 
are  operating  In  collaboration  with  the  U.S.  Geological  Survey,  their  EROS 
Program,  the  Association  of  American  Geographers,  and  the  American  Society  of 
Photogrammetry,  There  is  an  Important  message  in  my  mind  In  the  number  of 
organizations  involved.  When  the  weather  and  communication  satellites  came 
Into  being,  there  were  ready-made  constituencies:  the  weather  service  and  the 

conanunications  industry,  respectively.  When  the  new  technology  was  provided, 
all  that  was  necessary  was  to  find  a new  way  to  do  something  we'd  been  doing 
for  years,  only  now  in  a new  and  better  way.  The  field  of  remote  sensing  is 
not  always  so  simple.  The  users  of  the  information  are  much  more  varied  and 
diffuse:  researchers,  several  federal  agencies,  state  and  local  government 

organizations  in  a variety  of  disciplines,  and  several  elements  of  private 
industry.  With  all  of  these  different  interests  involved,  maybe  your  curricu- 
lum should  include  courses  in  political  science.  I think  of  times  in  the  past 
when  we  could  have  used  some  of  that  training.  The  technology  is  also  changing 
rapidly.  NASA,  for  one,  is  planning  expanded  programs  in  both  sensor  develop- 
ment and  in  data  processln,?.  and  new  flight  programs  are  also  being  planned. 

To  me,  all  of  these  considerations  combine  to  indicate  the  importance  of  edu- 
cation in  the  field  of  remote  -ienslng,  and  accordingly,  the  importance  of  this 
Conference.  The  coming  week  is  a full  one.  You  will  hear  from  people  in  many 
fields  representing  many  different  organizations.  The  Ames  Research  Center  is 
very  happy  to  be  one  of  the  participants,  and  I hope  you  find  the  Conference 
productive.  Thank  you  very  much. 


xi 
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PROBLEM  STATEMENT 

Conference  of  Remote  Sensing  Education? 
(CORSE-78) 

by 

Robin  I.  Welch 
CORSE-78  Chairman 


Introduction 

Why  Is  a Conference  of  Remote  Sensing  Educators  being  held? 

We  feel  that  It's  an  Idea  whose  time  has  come.  The  Conference  grew  out 
of  problems  and  frustrations  that  were  revealed  when  the  Western  Regional 
Applications  Program  (WRAP)  was  Initiated.  WRAP  Is  a NASA  program  Initiated 
In  1977  to  enhance  and  expand  the  utilization  of  NASA  technology  by  civil 
users— primarily  state  agencies. 

We  discovered  early  In  that  effort  that  there  is  a rapidly  expanding 
demand  for  training  In  remote  sensing  technology  from  three  groups  of  people-- 
resource  managers  and  technicians  In  government  and  industry,  regularly 
enrolled  students  in  colleges  and  universities,  and  faculty  members  in  those 
institutions. 

It  was  also  apparent  that  every  student  taking  a job  in  the  earth  and 
environmental  sciences  who  did  not  have  adequate  training  in  remote  sensing 
while  he  was  in  college  would  be  a potential  trainee  in  future  remote  sensing 
continuing  education  courses.  By  postulating  and  projecting  this  deficiency 
into  future  years,  it  was  obvious  that  NASA  would  never  be  able  to  get  ahead 
of  the  problem  because  the  government  through  the  RAP  effort  could  not  pos- 
sibly train  all  of  the  potential  users  because  their  numbers  would  be  increas- 
ing faster  than  they  could  be  trained  with  proposed  training  budgets  and 
schedules. 
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In  addition,  we  saw  an  absence  of  communication  on  remote  sensing  matters 
among  many  of  the  faculty  members,  both  within  and  among  colleges,  who  have 
an  Interest  In  teaching  and  doing  research  In  remote  sensing.  Such  a situa- 
tion precludes  the  development  of  common  teaching  standards,  course  require- 
ments and  student-achievement  objectives  by  the  various  academic  Institutions, 
assuming  such  standards  are  desirable. 

And  finally,  there  Is  a large  volume  of  processed,  high  quality  satellite 
and  supporting  aircraft  data  that  Is  known  to  be  useful  that  Is  not  presently 
being  used. 

Methods 

In  order  to  address  these  problems,  NASA  organized  a Regional  Applications 
Program  (RAP)  covering  all  50  states  (see  Figure  1),  designed  to  transfer 
NASA  technology  to  users  through  short  courses,  technical  assistance  and 
cooperation  In  demonstration  projects.  The  Western  Regional  Applications 
Program  (WRAP)  covers  14  western  states,  and  through  WRAP  a project  was  Ini- 
tiated to  Involve  colleges  and  universities  In  achieving  the  objectives  of  the 
program  through  cooperation  In  training  and  technical  assistance. 

The  objectives  of  the  cooperative  university  project  were  suggested  in 
order  to  Increase  and  improve  the  teaching  of  remote  sensing  at  colleges  and 
universities  through  the  following  methods: 

1.  Include  In  every  course  in  earth  science  and  environ- 
mental subjects  at  least  a minimum  Introduction  to  remote  sensing 
technology  and  applications  covering  the  advantages,  limitations 
and  processes  of  the  subject. 

2.  Provide  courses  In  applied  remote  sensing  technology 
subjects  in  the  various  earth  science,  environmental  and  urban 
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disciplines  for  those  students  who  desire  advanced  training  In 
the  field.  These  courses  should  Include  appropriate  basic  subjects 
such  as  characteristics  of  the  electromagnetic  spectrum;  remote 
sensing  system  physics,  geometry  and  chemistry;  matter  and  energy 
relationships;  vehicles,  camera  and  sensor  systems;  and  data  analysis, 
photo  Interpretation  systems  and  methods. 

3.  Educate  appropriate  faculty  members  In  the  technical  and 
operational  aspects  of  remote  sensing  to  equip  them  to  fill  the  need 
to  train  students  and  users. 

4.  Provide  continuing  education  courses  In  appropriate  remote 
sensing  and  supporting  technology  subjects. 

5.  Encourage  the  Interaction  of  faculties  In  dealing  with 
remote  sensing  educational  matters  through  such  functions  as 
CORSE-78,  university  advisory  canmlttees,  direct  face-to-face 
efforts,  exchange  of  materials  and  products,  and  sharing  of 
facilities. 

6.  Define  how  NASA  and  other  governmental  agencies  can  serve 
and  cooperate  with  the  academic  ccxmunlty  In  utilizing  and  teaching 
remote  sensing  technology. 

7.  Develop  appropriate  standards  of  course  work,  curriculum, 
exercises  and  experience  for  students  and  to  prepare  faculties  to 
teach  remote  sensing. 

8.  Organize  a Remote  Sensing  Science  Council  to  Interact  with 
NASA  In  establishing  cooperation  with  universities,  In  defining 
goals  and  objectives,  and  In  conducting  courses. 

9.  Cooperate  with  NASA  in  developing  applications  and  training 
pro<grams  for  future  satellite  systems,  I.e.,  Landsat-III  and  D, 

Seasat,  Nimbus-G,  Shuttle,  etc. 
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CORSE-78  %ject1vas  and  Aoenda 

The  objectives  of  CORSE-78  (Conference  of  Remote  Sensing  Educators  - 
1978)  art  to  enhance  and  expand  the  teaching  of  remote  sensing  in  WRAP  colleges 
and  universities.  The  Conference  presents  two  days  of  formal  papers  and  three 
days  of  workshops.  It  is  anticipated  that  needs  and  plans  for  faculty  train-* 
ing  courses  will  be  discussed  and  tentatively  scheduled  from  data  generated 
lit  CORSE-78. 

The  question  of  future  conferences  (CORSE-80,  etc.)  will  not  be  decided 
until  the  results  and  value  of  CORSE-78  are  assessed.  Therefore,  it  is  vital 
that  all  discussions  and  suggestions  for  reirote  sensing  educational  activities 
be  realistic,  frank,  in-depth,  sincere  and  to  the  point  for  use  by  NASA  and 
others  in  furthering  the  program. 

Some  of  the  needs  of  faculties  in  remote  sensing  training  have  already 
been  expressed  to  NASA, and  WRAP  efforts  are  being  directed  by  such  information. 
We  cannot  promise  any  easy  solutions,  but  m are  all  In  this  together  and 
through  cooperative  efforts,  regular  feedback  and  sharing  of  experiences, 
class  materials,  products,  etc.,  we  will  be  able  to  make  fignificant  progress 
In  meeting  our  goals. 
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INTRODUCTION 


A primary  objective  of  this  conferpoce  as  set  forth  by  its  conveners 
is  to  "enhance  and  encourage  the  teaching  of  remote  sensing"  so  that, in  the 
future,  mankind  will  be  better  equipped  "for  meeting  the  challenge  of  human 
survival  on  earth  and  for  exploring  the  universe."  The  question  might  be 
raised  as  to  the  relevance,  within  this  framework,  of  a paper  dealing,  as 
mine  does,  with  the  history,  present  status  and  future  potential  of  remote 
sensing.  In  answer,  we  submit  the  following:  By  first  providing  a rather 

comprehensive  description  of  the  many  events  that  have  brought  remote  sens- 
ing to  Its  present  status,  we  will  be  better  able,  not  only  to  forecast 
future  progress,  but  also  to  suggest  some  of  the  more  fruitful  activities 
that  should  be  undertaken,  especially  in  the  area  of  education  and  training, 
in  order  to  maximize  that  progress.  An  indication  as  to  the  validity  of  such 
a procedure  was  provided  well  over  a century  ago  by  Abraham  Lincoln  when  he  said 
(although  in  quite  a different  context,  of  course),  "If  we  better  knew  where 
we  are  and  whither  we  are  trending,  we  would  better  know  what  to  do  and  how  to 
do  it." 

Pursuant  to  the  above  objective  and  in  conformity  with  the  instructions 
given  by  the  NASA  sponsors  of  the  present  conference,  this  paper  is  divided  into  the 
following  five  main  parts:  (1)  A historical  review  of  the  discovery  and  develop- 

ment of  photography  and  related  sciences;  (2)  Remote  sensing  progress  during  the 
past  quarter  century;  (3)  The  role  of  education  to  date  in  the  development  of 
remote  sensing  technology;  (4)  A discussion  of  some  prescribed  remote  sensing- 
related  questions;  and  (5)  The  probable  future  of  remote  sensing  technology  and 
training.  Before  we  enter  into  this  five-part  discussion,  however,  we  would  do 
well  to  define  a few  terms  for  the  reason  that  the  science  of  remote  sensing  re- 
cently has  developed  more  rapidly  than  the  terminology  needed  to  describe  it. 

As  one  indication  of  how  rapidly  the  field  of  remote  sensing  has  been  develop- 
ing in  recent  years,  we  find  that  those  who  are  working  in  various  aspects  of 
this  field  do  not  fully  agree  on  a definition  for  even  the  basic  term  "remote 

sensing"  itself.  All  of  them  would  no  doubt  agree,  however,  that 

u 


remote  sensing  pertains  to  the  acquiring  of  information  through  the  use  of 
aerial  cameras  and  other  sensing  devices  that  are  situated  at  a distance 
{i.e.,  "remotely")  from  the  objects  or  features  of  interest.  Furtheruiore, 
most  of  them  would  agree  that,  for  purposes  of  the  present  conference,  we 
should  attempt  to  narrow  this  very  broad  definition.  Therefore,  let  us 
acknowledge  that,  within  the  context  of  both  the  NASA  Western  Regional 
Applications  Program  and  the  overall  NASA  Earth  Resources  Survey  Program, 
most  of  the  objects  or  features  of  interest  to  remote  sensing  scientists 
ar^  those  associated  with  such  natural  resources  as  timber,  forage,  soils, 
water,  minerals,  agricultural  crops,  fish,  wildlife,  and  recreational 
tesources.  Consequently,  let  us  be  sure  that  the  present  discourse,  including 
this  preliminary  defining  of  terms,  reflects  such  interests. 

Since  the  term  "photography"  literally  pertains  to  the  product  obtained 
when  we  "write  with  light"  it  might  at  first  seem  that  the  much  older  term 
"photographic  reconnaissance"  v JUld  have  sufficed  without  our  having  needed 
to  invent  such  an  exotic  term  as  "remote  sensing."  However,  the  former  term 
In  its  strictest  meaning  pertains  only  to  the  images  obtained  when  sensing 
for  visible  light,  i.e.,  wavelengths  that  are  perceptible  to  the  human  eye. 

It  is,  indeed,  true  that  over  the  years  progressively  less  distinction 
has  been  made  between  that  which  could  literally  be  regarded  as  photography 
and  that  which  superficially  looks  like  photography  but  is  formed  with  energy 
from  non*v1sible  bands  of  the  spectrum.  As  a case  in  point,  it  was  roughly 
four  decades  ago  that  Walter  Clark  of  Eastman  Kodak  Company  published  the 
first  edition  of  his  very  popular  and  authoritative  book  "Photography  by 
Infrared"  (Ref,  1).  Since  "photography"  is  commonly  regarded  as  the  record 
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obtained  with  visible  light  and  since  “Infrared"  literally  means  "beyond 
the  (visible)  red,"  there  would  seem  to  be  a serious  contradiction  of  terms 
even  In  that  brief  title.  However,  partly  through  the  wide  acceptance 
of  that  book  and  its  title,  a progressively  more  liberal  yet  less  well 
defined  concept  has  since  developed  regarding  the  outer  limits  of  "photography." 
Those  who  recognize  the  desirability  of  drawing  such  limits  have  quite 
properly  insisted  that  the  more  inclusive  term  "remote  sensing"  be  used  to 
replace  the  roughly  corresponding  term  "photo  reconnaissance"  whenever 
activities  that  employ  other  than  visible  wavelengths  of  energy  are  involved. 
Furthermore  they  are  commendably  consistent  in  arguing  that  the  related 
terms  "Imagery",  "image  analysis"  and  "image  analyst"  be  used  instead  of 
"photography",  "photo  interpretation"  and  "photo  interpreter"  whenever  use 
is  being  made  of  any  wavelengths  of  energy  outside  the  visible  part  of  the 
spectrum. 

Generally  speaking  we  will  accede  to  this  viewpoint  in  the  present  paper 
while  at  the  same  time  acknowledging  the  fact  that  images  obtained  at 
wavelengths  that  are  only  slightly  longer  than  the  visible  red  have  become 
known  as  "infrared  photography"  and  that  images  taken  at  wavelengths  that 
are  only  slightly  shorter  than  the  visible  violet  are  termed  "ultraviolet 
photography. " Let  us  be  sure,  however,  that  we  don't  make  our  uncertainties 
regarding  terminology  into  bigger  problems  than  they  are.  Well  over  90  percent 
of  the  seeming  ambiguities  with  which  we  are  confronted  have  arisen  with  the 
advent  of  a capability  for  obtaining  photo-like  images  in  the  thermal  infrared 
and  microwave  bands.  Whatever  problems  are  generated  by  this  capability  in 
terms  of  the  scope  of  this  remote  sensing  conference  are  well  worth  living  with 
and  overcoming  so  that  these  important  new  sensing  systems  and  their  products 
can  be  adequately  understood  and  fully  exploited. 
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1.  HISTORICAL  REVIEW  OF  THE  DISCOVERY  AND  DEVELOPMENT  OF  PHOTOGRAPHY 

AND  RELATED  SCIENCES 

Since  the  technology  of  modern  remote  sensing  probably  would  not  have 
been  developed  without  the  prior  development  of  photography  itself,  this 
section  will  begin  with  an  account  of  events  which  led  to  the  discovery  and 
development  of  the  basic  science  of  photography.  As  the  account  proceeds, 
the  development  of  aerial  photography,  including  color  and  infrared  photography, 
will  be  traced.  The  section  will  conclude  with  a documenting  of  some  of  the 
events  that  occurred  during  World  War  II  and  shortly  thereafter,  setting  the 
stage  for  a later  section  that  deals  with  remote  sensing  progress  during  the 
past  quarter  of  a century. 

Perhaps  the  best  accounts  from  which  to  draw  historical  material  on 
photography  are  those  found  in  three  manuals  that  have  recently  been  published 
by  the  American  Society  of  Photogramnietry,  viz.,  the  Manual  of  Photographic 
Interpretation,  the  Manual  of  Photogrammetry , and  the  Manual  of  Remote 
Sensing  (Refs.  2,3,4J,  all  of  which  weneprepared  and  published  under  the 
auspices  of  the  American  Society  of  Photogrammetry.  Other  valuable  accounts 
have  been  written  by  Ives  (Ref.  5),  McCamy  (Ref.  6),  Land  (Ref.  7),  Kohler 
and  Howell  (Ref.  8),  Katz  (Ref.  9),  and  by  Colwell.  Slater,  and  Yost  (Ref.  10). 
The  following  historical  account  is  based  partly  on  these  and  several  other 
references.  However,  a unique  emphasis  is  given  here--one  which  seeks  to 
relate  these  events  specifically  to  the  development  of  modern  remote  sensing 
technology  and  thereby  to  the  development  of  our  ability  for  meeting  the 
previously  mentioned  "challenge  of  human  survival. 

A.  Observations  of  our  Progenitor,  the  Cave  Maji 

The  first  human  to  engage  in  remote  sensing  (in  the  broadest  usage  of 
that  term)  was,  of  course,  the  cave  man.  We  can  visualize  him  now,  as  he 
picked  up  his  club,  strode  from  his  cave  and  a few  moments  later  crouched  high 


In  a tree  or  stood  atop  a ridge.  There  he  strained  his  eyes,  his  ears,  and 
his  nostrils  In  an  effort  to  "sense"  the  presence  of  an  animal  that  might 
either  constitute  a supply  of  fresh  meat  for  him  or  be  seeking  to  convert 
him  into  a supply  of  fresh  meat  for  itself.  In  either  event,  remote  sensing 
has  been  a pretty  serious  business,  ever  since. 

B.  Observations  bv  Ancient  Philosophers 

Even  in  Aristotle's  time  (384-323  B.C.)  it  was  known  that  sunlight 
Is  Indispensable  to  life.  The  ancients  knew  that  sunlight  is  necessary  for 
the  formation  of  green  coloring  matter  in  plants,  that  it  bleaches  and 
corrodes,  and  that  it  changes  the  colors  of  certain  objects.  Aristotle, 
himself,  philosophized  at  length  on  the  nature  of  light.  Johann  Heinrich 
Schulze  (1687-1744),  a physician  of  Halle,  first  demonstrated  the  sensitivity 
to  light  of  certain  chemical  compounds.  In  1727  Schulze  produced  true 
photographic  images  by  writing  on  the  outside  of  a glass  filled  with  a 
mixture  of  white  chalk  and  silver  nitrate.  The  images  soon  faded;  but 
Schulze  was  only  a step  from  the  invention  of  photography.  The  step  proved 
to  be  a long  and  difficult  one,  and  photographs  were  not  made  in  a camera 
until  more  than  a hundred  years  after  Schulze's  discovery  of  "light-writing." 

The  work  of  Schulze  was  continued  by  the  famous  English  potter, 
Joslah  Wedgewood  (1771-1804).  In  1802  Wedgewood  succeeded  in  copying 
transparent  and  opaque  pictures  on  glass  and  paper  coated  with  silver  salts; 
the  images  were  not  permanent,  however. 

The  light  sensitivity  of  several  substances,  chiefly  silver  compounds, 
having  been  demonstrated  by  the  experiments  of  Schulze,  Wedgewood  and  others, 
photographs  soon  were  being  made  in  the  camera  obscura. 
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C.  Development  of  the  Camera  Obscura 

Several  of  the  ancient  philosophers,  Includino  Aristotle,  understood 
the  principle  of  the  camera  obscura:  light  passing  through  a small  aperture 
In  a dark  box  or  chamber  can  be  made  to  form  pictures.  Ibn  al-Haltam  (or 
Alhazen),  an  Arab  scholar  of  the  eleventh  century,  and  the  Hebrew  scholar 
Levi  ben  Gerson  (d.  1344)  recorded  accounts  of  pinhole  cameras  used  for 
observing  eclipses.  Ibn  al-Haltam  revived  and  proved  Aristotle's  theory  that 
vision  Is  created  by  the  agency  of  light  rays. 

Roger  Bacon  (1214-1294)  Is  sometimes  errwne'usly  credited  with 
inventing  the  camera  obscura.  Actually,  the  manuscripts  of  Leonardo  da  Vinci 
(1452-1519)  contain  the  first  clear  description  of  the  process  of  projecting 
Images  through  a small  opening  Into  a darkened  room.  In  1553  Johann  B.  Porta 
Improved  the  camera  obscura  by  using  concave  mirrors;  In  1558  Daniel  Barbara 
added  a biconvex  lens.  For  upward  projection,  the  monk  John  Zahr  developed, 
in  1665,  a portable  camera  obscura  having  lens  tubes  and  slanting  reversible 
mirrors  like  those  of  a modern  reflex  camera. 

In  1646  the  Jesuit  Athanins  Kircher  (1601-1680)  descri>'»‘d  how  landscape 
drawing  can  be  accomplished  through  use  of  the  camera  obscura.  Others  who 
experimented  with  and  Improved  the  camera  obscura  were  Johannes  Kepler 
(1571-1630),  Robert  Boyle  (1627-1691),  Robert  Hooke  (1635-1703),  William  H. 
Wollaston  (1766-1828),  and  George  B.  Airy  (1801-1892). 

0.  The  First  Practical  Photography 

Joseph  Nicephore  Niepce  (1765-1833)  and  Lo'jis  Jacques  Mande  Daguerre 
(1787-1851)  are  now  agreed  upon  as  being  the  co-inventors  of  the  first 
practical  means  of  photography.  They  learned  of  each  other's  work  through 
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Charles  Chevalier  (1804-1859),  and  agreed  to  collaborate.  Fixing  the 
exposed  image,  or  making  it  resistant  to  further  light  action  was  the 
greatest  difficulty  to  be  overcome.  To  do  this,  it  was  necessary  to 
remove,  without  damaging  the  picture,  that  part  of  the  light-sensitive 
chemical  which  had  not  been  affected  by  exposure.  Herschel's  1819 
discovery  of  sodium  thiosulphate  ("hypo")  was  not  known  to  Daguerre  until 
1839.  On  August  19,  1839,  Daguerre,  in  reporting  on  the  work  which  he 
and  Niepce  had  done,  announced  their  invention  of  the  "daguerreotype." 

The  Invention  was  promptly  bought  by  the  French  government. 

The  first  reference  to  the  application  of  photography  in  making 
topographic  maps  was  about  1840,  when  Arago,  Director  of  the  Paris 
Observatory,  referred  to  the  Daguerreotype  process  before  members  of  the 
Chamber  of  Deputies,  and  advocated  the  use  of  photography  for  topographic 
purposes.  In  1849,  Colonel  Aime  Lausedat,  an  officer  in  the  French  Corps 
of  Engineers,  embarked  upon  an  exhaustive  program  to  prove  that  photography 
could  be  used  to  advantage  in  the  preparation  of  topographic  maps, 

E.  The  Talbotype  Process  for  Making  Prints  from  a Negative 

In  1841  William  Henry  Fox  Talbot  (1800-1877)  accidentally  discovered 
that  an  image  formed  on  paper  coated  with  silver  iodide,  though  barely 
visible,  could  be  developed  or  strengthened  with  gallic  acid  and  silver 
nitrate.  He  used  waxed,  transparent  paper  negatives,  fixed  in  hypo,  to  make 
positive  copies  on  silver  chloride  paper.  First  called  "Calotype"  and  later 
"Talbotype,"  the  pictures  made  in  this  way  did  not  have  the  brilliancy  and 
sharpness  of  the  daguerreotypes.  However,  the  Talbotype  process  made  it 
possible  to  produce  any  number  of  positive  copies  from  the  negative.  Talbot's 
Pencil  Nature,  published  in  1844,  was  the  first  book  to  be  illustrated  with 


photographs. 
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F.  The  Early  Development  of  Image  Enhancement  Techniques 

Photography  as  known  today  would  not  be  possible  without  a means 
of  amplification  or  enhancement  of  the  Initial  action  of  light.  The  credit 
for  discovering  this  phenomenon  lies  with  both  Daguerre  and  Talbot. 

The  announcement  of  a practical  method  of  "painting"  a picture  by 
the  agency  of  light  naturally  excited  the  Imagination  of  everyone  and 
stimulated  many  Investigators  to  Inquire  Into  the  phenomenon.  One  such 
Investigator  was  Scott  Archer,  who  In  1851  prepared  a suspension  of  silver 
chloride  In  nitrocellulose  and  coated  It  on  glass.  It  had  the  advantage 
over  Talbot's  In  that  It  was  more  sensitive  and  produced  better  definition 
than  was  possible  on  paper  negatives  although  It  required  Immediate 
processing.  Dr.  Richard  Leech  Maddox  rescued  the  process  In  1870  when  he 
eliminated  the  problem  of  having  to  process  the  material  Immediately  after 
exposure.  He  described  a gelatin  emulsion  of  silver  halide  that  protected 
the  invisible  image  for  later  development, 

A silver  halide  emulsion  Is  naturally  sensitive  only  to  blue 
light  (and  shorter  wavelengths),  but  In  1873  Herman  Vogel  discovered  that 
the  emulsion  could  be  sensitized  to  record  longer  wavelengths  by  introducing 
certain  dyes  to  It.  As  a result.  In  the  ensuing  decades  new  dyes  were  found 
and  ortho,  panchromatic  and  infrared  plates  and  films  were  developed. 

In  1889  a film  base  of  nitrocellulose  which  retained  the  clarity 
of  glass  plates,  eliminated  their  fragility,  and  reduced  their  bulk  and 
weight  was  developed  by  George  Eastman.  With  this  increased  flexibility 
the  design  of  smaller,  less  complex  equipment  became  possible.  In  addition 
to  this  the  highly  advantageous  mechanical  properties  of  a clear,  flexible 
film  support  were  recognized  and  proved  to  be  of  utmost  importance  in 
enlarging  the  areas  of  application  of  photography. 
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G.  Oevelopments  In  Optics 

Th(  science  of  optics  Is  old.  It  orl9lna11y  covered  the  phenomena 
associated  with  light  (visible  radiation)  and  vision.  Then,  as  new 
discoveries  were  made,  the  field  of  optics  expanded  to  Include  Invisible 
radiation  such  as  ultraviolet  and  Infrared.  Joseph  Fraunhofer  (1787  1826) 
and  Louis  Pierre  Gulnand  (1748-1824)  were  the  first  to  produce  large  pieces 
of  optical  glass  without  striae,  Frederick  Volgtlander  produced  fast 
lenses  In  1841  based  on  the  1840  calculations  of  Joseph  Petr/:1  Ci6u/-I891). 
These  lenses  were  used  for  portraits  as  well  as  landscapes.  Other  Important 
developments  In  photographic  optics  ar?: 

(1)  The  "distortion  free"  S/. metrical  double  objective  lens 
system  Invented  by  Carl  August  Steinhell  In  1865,  and 
his  calculation  In  1866  of  the  distortion-corrected  and 
color-corrected  "aplanat." 

(2)  The  establ fshment  n Jena  of  the  large  technical  glass 
laboratory  of  Srnolt  .’iod  Gnossen  in  1SS6. 

(3)  The  calculation  by  Paul  Rudolph  in  1889  of  nonsytimetrical 
lenses  known  as  "anast1g.^«ts"  with  sharply  defined  images, 
and  their  perfection  in  1890  by  the  firm  of  Carl  Zeiss,  Jena. 

(4)  The  construction  of  the  first  double  anastigmats  in  1892 
by  the  firm  of  C.P.  Goerz,  in  Berlin. 

H . Developments  in  Camera  Design 

The  stead.;'  improvement  of  lenses,  combined  with  the  development  of 
more  sens1‘'v»*  photjgraphlc  .■>muls1ons,  brought  about  rapid  changes  In  the 
design  of  the  camera.  A cor,ip«ct  portable  camera,  the  first  to  have  folding 
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bt)low$.  Mas  dascHbed  In  1840  by  8an>n  Pitrrt  Anaand  Segultr  {1803*1876). 
Fo11«Mln9  In  IWO,  TImmi  Sutton  (1819*187S)  patanttd  tht  first  ffi1rror*rtf1tx 
box  caiatra.  The  6otr2*AnscHutz  cantri  with  focai-planc  shutter  tppeartd  In 
1890.  A little  over  a decade  later,  In  1901,  Frlti  Kricheldorff  made  the 
first  folding  lairror-reflex  caaiera. 

The  devc1o(iaient  of  tt«  panorMic  CM«ra  received  its  ia^tus 
priiaarlly  froei  requireiaents  of  aerial  reconnaissance.  Porro  In  the  1860's 
developed  a camera  which  employed  the  panoramic  principle  and  Chevalier 
developed  the  photographic  plane  table  In  1868. 

1.  First  Attempts  In  the  Development  of  Aerial  Photography 

The  first  known  suggestion  for  the  taking  of  aerial  photography 
(from  a balloon)  appeared  at  a loke  In  a French  lithographed  caricature, 
"Oaguerreotypomanla,"  In  1840.  In  1858,  the  photographrrGaspard  Felix 
Toumachon  (later  known  as  “Hadar"),  planning  to  produce  a topographic 
map  from  photographs . ascended  in  a captive  balloon  several  hundred  meters 
In  order  to  take  bird's  eye  ptotographs  of  Paris.  He  succeeded  In  photo* 
graphing  the  village  of  Petit  Bicetre.  In  this  photograph  the  houses  could 
be  clearly  seen.  Col.  Alme  Uussedat  follonttd,  later  In  the  same  year, 
with  an  experiment  involving  a g1ass*p1ate  camera  supported  by  several 
kites. 

The  first  successful  photographs  to  be  taken  from  captive  balloons 
In  the  United  States  were  made  In  1860  by  Samuel  A.  Xing  and  •).  W.  Black 
from  a height  of  about  400  meters  over  Boston.  During  the  Civil  Mar  captive 
balloons  were  reportedly  cmplo/rit  to  obtain  Information  at^t  the  surrounding 
country  and  the  position  of  tim  enemy.  Through  the  services  of  balloonists 
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U Monuint  «fld  AMon,  confcdtnti  positions  tttn  pfratngraphtd  for  Generil 
NcCletlin.  Thf  Anny  «9f1n  iitUlzed  *frt«!  photographs.  In  June,  ’862, 
to  gathtr  InteIHgtnce  on  the  defnnstf  of  Richmond,  according  to  some 
authorities.  Otheri,  however,  (Ref.  4)  deny  that  aerial  photos  were  used 
In  the  Civil  -i,r. 

In  1862  and  1863,  the  phystclits  Glalsher,  Coxwell.  and  Negretti  took 
aerial  photographs  from  balloons  over  England.  Using  gelatin  dry  plates 
Triboulet  In  1879  took  for  the  first  time  photographs  from  a free  balloon 
about  500  meters  over  Paris.  A year  later,  Oesmarets  obtained  excellent 
negatives  at  a height  of  about  1200  meters  over  Paris  us'ng  gelatin  silver 
bromide  plates.  ShadboU  and  Dale  In  England,  In  1883,  xod  Sllbercr  In 
Vienna,  In  1W5,  made  further  experiments  with  aerial  photography  from 
balloons. 

The  use  of  kites  as  aerial  camera  platfonai  was  furthered  by  an  English 
meteorologist,  E.  0.  Archibald,  In  1882.  In  1889  Russian  experimenters 
connected  seven  urmianned  kites,  mounted  a camera  on  each,  and  sent  the 
assembly  aloft  to  obtain  "panoramic"  photography  which  proved  to  be  useful 
both  for  cartographic  purposes  and  for  the  Interpretation  of  features  in 
remotely  situated  areas. 

The  use  of  birds  as  aerial  camera  platforms  was  first  enq^god  in 
successfully  at  about  the  turn  of  the  century.  A photographic  enthusiast 
by  the  name  of  Julius  Neubronner  1$  credited  with  having  designed  and 
patented  In  1903  a breast-mounted  aerial  camera  for  carrier  pigeons.  It 
weighed  only  70  grams  and  took  negatives  38  mm  square.  Through  the  use 
of  a built-in  liming  mechanism  exposures  were  automatically  made  at  30-second 
Intervals. 
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In  about  1900,  a captain  In  the  Austrian  Army,  Theodor  Scheimpflug, 
attached  an  eight-lens  camera  to  tl>e  basket  of  a balloon.  By  grouping 
seve>  oblique  lenses  around  one  vertical  one  he  reportedly  obtained  complete 
coverage  of  the  area  visible  from  the  air  camera  station. 

J.  Development  of  a Navigable  Platfo..n 

Before  aerial  photography  could  become  an  Integral  part  of  the 
technique  of  the  earth  sciences,  a navigable  platform  for  the  aerial  camera 
had  to  be  provided.  The  balloon,  pigeon,  and  kite  platforms  were  not 
navigable  In  the  strict  sense  of  the  word,  although  many  excellent  photographs 
were  taken  from  them.  The  development' of  dirigible  balloons  offered  an 
opportunity  for  taking  photographs  from  planned  positions  not  possible  with 
captive  or  free  balloons.  The  piloted  aircraft  can  carry  a camera  to  any 
part  of  the  earth,  as  long  as  the  airways  are  politically  unobstructed. 

Without  the  piloted  aircraft,  there  would  have  been  little  advancement  of 
aerial  photography. 

Wilbur  Wright  is  credited  with  having  obtained  the  first  photographs 
from  an  airplane  when  on  April  24,  1909,  he  took  motion  pictures  over 
Centocelli,  Italy.  Shortly  after  this,  German  aviation  students  training 
In  English  flying  schools,  began  to  use  cameras  on  advanced  training  flights. 

The  first  photography  known  to  be  used  for  mapping  from  an  airplane 
was  described  by  Captain  Tardivo  in  1913  In  a paper  presented  at  a meeting  of  the 
International  Society  of  Photogrammetry  held  in  Vienna. 


K.  World  War  1 and  After 


Aerial  photography  of  a practical  nature  dates  from  the  early  days 
of  ktorld  War  I.  The  first  aerial  photographs  of  German-held  territory  were 
made  by  Lieutenant  Laws  of  the  R.A.F.  Almost  overnight,  the  Importance 
of  aerial  photographic  reconnaissance  was  recognized,  and  vigorous  efforts 
were  made  In  France  and  Britain  to  provide  the  military  with  photographic 
equipment  and  to  develop  proper  methods  of  photography,  processing  and  photo 
Interpretation. 

By  the  end  of  1915  Lt.  Col.  J.T.C.  Moore  Brabazon,  later  chief  of  the 
R.A.F.  photographic  section.  In  collaboration  with  Thornton  Pickard  Ltd., 
had  designed  and  produced  the  first  practical  aerial  camera.  Improved 
models  of  this  camera  thoroughly  convinced  the  military  authorities  of  the 
value  of  aerial  reconnaissance  and  photo  Interpretation. 

During  the  1920's,  (and  largely  because  of  developments  during 
World  War  I),  there  were  many  advocates  throughout  the  world  for  the  use  of 
aerial  photos  for  various  civil  purposes.  For  example,  there  were  foresters 
In  the  United  States,  Canada,  Germany,  India,  and  Burma  who  saw  clearly  the 
multifarious  uses  of  aerial  photos  In  forestry  as  an  aid  In  tlie  construction 
of  planimetric  and  topographic  maps.  In  the  appraisal  of  timber  and  other 
forest  resources,  and  in  planning  the  location  of  logging  roads,  sawmills, 
landings,  and  camps.  To  the  Canadian  and  German  foresters  goes  imich  of  the 
credit  for  the  develooment  during  that  period  of  the  basic  concepts  upon  which 
many  of  the  present  day  forestry  uses  of  aerial  photographs  are  founded. 

Despite  considerable  photogrammetric  experimentation  In  the  1920's 
and  the  publication  of  many  enthusiastic  articles  which  pointed  out  the 
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Indisputable  advantages  of  using  aerial  photographs  in  many  different  ways. 

It  was  not  until  the  middle  of  the  1930's  that  the  extensive  use  of  aerial 
photographs  came  about.  (This  historical  fact  is  worthy  of  note  by  those 
who  bemoan  the  slow  rate  at  which  modern  remote  sensing  technology  is  being 
adopted  by  resource  managers,  despite  the  publication  of  many  enthusiastic 
articles  which  point  out  the  indisputable  advantages  to  their  using  such 
technology.)  Then  it  seemed  as  though  all  the  seeds  of  enthusiasm  which 
had  been  planted  by  aerial  photogrammetrists  in  seemingly  barren  soil  during 
the  previous  10  or  15  years  sprouted  at  once.  In  the  United  States  all 
federal  mapping  agencies  including  the  Geological  Survey,  Coast  and  Geodetic 
Survey,  Forest  Service,  Armed  Forces  and  Production  and  Marketing 
Administration  were  soon  making  extensive  use  of  aerial  photographs.  In 
Canada  foresters  led  the  wa^  during  this  period  and  surpassed  American 
foresters  in  their  early  adoption  of  photogrammetric  techniques  for  making 
timber  inventories  of  large  areas. 

During  the  mid-thirties  there  was  one  major  factor  responsible  for 
the  greatly  increased  use  of  aerial  photographs  in  the  United  States.  It  was 
the  fact  that,  for  the  first  time,  aerial  photographic  prints  of  virtually 
all  parts  of  the  United  States  were  made  generally  available  to  the  layman 
at  reasonable  cost.  For  most  of  this  area  anyone  could  secure  black-and-white 
(panchromatic  minus-blue)  prints  of  existing  9"x9"  photography  from  the 
appropriate  agency  of  the  U.S.  government  at  a cost  of  approximately  50  cents 
per  print.  The  ground  area  covered  by  a single  print  commonly  was  9 square 
miles,  at  a scale  of  1/20,000.  The  resolution  of  this  photography  was 
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adequate  for  most  resource  Inventory  purposes.  Expressed  In  terms  of  what 
has  since  become  known  as  "Ground  Resolved  Distance,"  the  resolution  was 
approximately  5 feet. 

During  this  same  period  there  was  a very  substantial  growth  of 
commercial  aerial  survey  companies. 

L.  World  War  II  and  After 

The  stimulus  given  during  World  War  II  for  more  and  better  aerial 
photography  can  scarcely  be  over  emphasized.  In  1938,  the  Chief  of  the 
German  General  Staff,  General  Werner  von  Fritsch,  made  a prophetic  and  highly 
accurate  statement:  "The  nation  with  the  best  photo  reconnaissance  will  win 
the  next  war."  Many  improvements  which  photo  interpreters  now  enjoy  in  the 
quality  of  photographic  images  are  attributable  to  wartime  developments  in 
aerial  photographic  equipment  and  techniques.  During  and  immediately  after 
World  War  II  intensive  military  research  succeeded  in  developing  cameras  with 
fast  and  nearly  distortion-free  lenses,  fast  and  dependable  shutters, 
mountings  which  absorb  aircraft  vibration  and  stabilize  the  camera  against 
changes  in  the  attitude  of  the  aircraft,  and  film  drive  mechanisms  which 
partly  compensate  for  image  blur  due  to  the  forward  motion  of  the  aircraft. 

The  sensitivity  of  film  emulsions  was  steadily  improved  and, as  described 
below,  special  types  of  film  were  developed  for  high  sensitivity  in  certain 
parts  of  the  spectrum.  Drift  meters,  view  finders,  and  electronic  navigation 
aids,  invented  during  World  War  II,  soon  were  helping  the  civilian  pilot  to 
navigate  his  flight  lines  so  as  to  maintain  the  required  forward  and  side 
lap.  Military  aircraft  such  as  the  B-17  "Flying  Fortress"  and  P-38  "Lightning," 
modified  in  wartime  for  photo  reconnaissance,  were  bought  and  extensively  used 
after  the  war  by  commercial  photographic  agencies. 
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The  amount  and  quality  of  available  imagery  changed  significantly 
within  the  next  few  years.  Further  scientific  advancements  In  lens  design 
and  manufacture  were  made,  resulting  In  a greatly  Improved  ability  to  form 
Imagery.  In  addition  Improved  photographic  emulsions  and  new  sensors  capable 
of  recording  many  wavelengths  of  energy  other  than  those  comprising  the 
visible  spectrum  were  developed.  Contrast  manipulation  and/or  color 
printing  techniques  began  to  be  used  extensively  to  exaggerate  the  subtle 
differences  In  radiation  that  may  occur  in  virtually  any  part  of  the 
electromagnetic  spectrum.  Some  of  these  developments  are  dealt  with  In 
more  detail  in  the  following  paragraphs. 

M.  The  Development  of  Infrared  Photography 

Sir  William  Herschel , the  great  British  astronomer,  discovered  the 
Infrared  part  of  the  spectrum  In  1800.  He  passed  a thermometer  through  the 
extension  of  a visible  spectrum  made  by  a prism  and  found  that  beyond  the 
red  end  the  temperature  increased.  Vogel  in  1873  made  the  discovery  that 
by  treating  photographic  materials  with  certain  dyes  one  could  make  them 
respond  to  wavelengths  of  light  to  which  they  were  not  naturally  sensitive. 
However,  through  the  greater  part  of  the  19th  century  there  was  no  known  way 
of  photographing  in  the  infrared  band.  By  1900  astronomers  could  record  the 
spectrum  of  the  sun  to  900  nm*  by  using  certain  dyes  which  functioned  In  the 
near  infrared.  However,  these  were  not  very  useful  for  general  photography. 

A dye  called  Dicyanine  was  found  before  1919  and  used  for  spectrography,  but 


* 

By  a recent  international  agreement  among  scientists,  the  term  “nanometer" 
(abbreviated  "nm")  replaces  the  equivalent  term  "millimicron"  when  speaking 
of  a unit  of  distance  which  Is  io-9  meters  and  the  term'' micrometer" (abbreviated 
’^m")  replaces  the  term  micron  when  speaking  of  a unit  of  distance  which  Is 
10-6  meters. 
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the  first  really  practical  Infrared  dye  was  Kryptocyanlne,  discovered  In  1919 
at  the  Bureau  of  Chemistry  In  Washington.  Until  1935  the  best  sensitizer  for 
the  extreme  Infrared  was  the  dye  Neocyanine  made  by  Kodak  In  1925. 

With  the  addition  of  a great  many  very  good  sensitizers  for  the 
Infrared  during  the  years  1931-1935,  all  the  dyes  previously  known,  with  the 
exception  of  Kryptocyanlne,  were  found  to  be  obsolete.  Photography  was 
possible  out  to  1.35  micrometers  and  that  remains  as  the  practical  limit  today. 

Infrared  photography  became  as  easy  to  obtain  as  ordinary  photography  and  a 
new  and  continuing  era  of  infrared  photography  set  In.  The  U.S.  Air  Force 
and  the  National  Geographic  Society-U.S.  Army  Air  Force  Stratosphere  Flights 
were  the  two  main  boosters  In  the  development  of  infrared  aerial  films. 

In  1933  Captain  A.  W.  Stevens  of  the  USAF  on  one  of  his  stratosphere 
flights  photographed  Mt.  Shasta  with  Infrared  film  at  a distance  of  331  miles 
from  an  altitude  of  23,000  feet.  Infrared  photography  was  obtained  on  the 
first.  Ill-fated  stratosphere  flight  in  1934.  The  photography  was  reported 
as  being  somewhat  underexposed,  however.  During  the  N.G.S.-USAF  stratosphere 
balloon  flight  that  was  made  on  November  11.  1935  over  South  Dakota,  an 
altitude  of  72,395  feet  was  attained.  Infrared  photographs  obtained  on  that 
flight  were  very  successful. 

Spectacular  high-altitude  and  long-distance  tests  were  made  shortly 
thereafter  by  the  Air  Force,  while  Bradford  Washburn  obtained  some  excellent 
photographs  of  Alaska  In  1938.  By  March,  1937,  the  first  Infrared  aerial  film 
was  made  commercially  available  to  the  general  public.  Kodak  out  out  the 
Improved  Infrared  Aero  Film,  type  21,  as  the  result  of  tests  conducted  by 
Colonel  Goddard  In  October,  1940. 
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Hypersensitive  Infrared  aero  film  followed  In  1943.  Later,  the 
present  types  of  Infrared  film  of  Improved  quality,  higher  speed,  and 
better  keeping  properties  were  made  available. 

The  fact  that  b’ack*aiid-wh1te  Infrared  films  are  also  sensistive 
to  a significant  degree  throughout  the  visible  spectrum  Is  exploited  In 
some  modern  day  systems  which,  as  explained  In  a later  section,  seek  to 
register  and  color  enhance  multlband  black-and»wh1te  photographs  with  the 
aid  of  an  optical  combiner.  For  example,  a single  9"x9"  frame  of  such 
film  can  be  treated  as  though  It  were  divided  Into  quarters.  Then,  with  a 
four-lens  camera  that  will  accomodate  the  full  width  of  the  roll  of  film, 
and  using  four  filters,  a separate  band  of  photography  Is  recorded  In  each 
of  the  four  quarters  by  the  simultaneous  operation  of  the  camera's  four 
lens  shutters.  The  four  bands  most  commonly  recorded  are  blue,  green,  red, 
and  near-infrared,  and  the  corresponding  four  Wratten  filters  used  are  47B, 

58,  25,  and  89B.  The  optical  combiner  used  with  such  a system  Is  carefully 
aligned  so  that  all  four  of  the  Images  that  have  been  recorded  on  a single 
9"x9"  piece  of  film  are  In  common  register  when  projected,  through  appropriately 
colored  filters,  onto  a viewing  screen.  Once  this  careful  registration  has 
been  achieved,  no  re-registration  Is  required  to  view  successive  frames  of 
multiband  Imagery  because,  on  all  such  frames,  the  four  quarters  are  positioned 
Identically  on  the  9"x9"  frame.  This  same  capability  cannot  be  exploited  on 
even  the  best  of  panchromatic  films  since  they  all  are  so  constructed  as  to 
be  Insensitive  to  near-infrared  wavelengths  of  energy. 

The  first  suggestion  to  combine  infrared  and  panchromatic  photographic 
emulsions  with  color  processing  apparently  was  made  In  early  1941.  From  the 
Kodak  Research  Laboratories  In  England,  Spencer  and  Marr-iage  reported  on 
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tMs  possibility  for  dttection  of  military  camouflage.  After  enlarging 
and  experimenting  on  their  general  proposals  In  the  Kodak  Research  Labor- 
atories In  Rochester,  New  York,  they  developed  three  different  structures 
for  a Bwltllayer  film.  These  included  an  Infrared  layer  along  with  false 
color  processing.  In  the  names  of  Jelly  and  Wilder  a patent  was  filed  on 
the  basic  structure  on  October  24,  1942  and  the  patent  was  issued  on 
July  9.  1946. 

The  origin  of  what  the  Russians  call  spectrazonal  film  can  be 
found  in  the  description  of  a narrow  band  material  having  luyers  responding 
to  peak  sensitivities  at  wavelengths  of  about  680  nm  and  740  nm,  respectively. 
Between  these  two  bands  are  the  wavelengths  within  which  chlorophyll, 
unlike  roost  other  materials,  changes  dramatically  from  an  energy  absorber 
to  an  energy  transmitter.  Use  of  these  wavelengths,  consistent  with  the 
basic  principles  of  mltlband  photography,  should  readily  permit  the  photo 
Interpreter  to  differentiate  between  green  vegetation  and  any  green  paint 
used  by  the  military  camoufleur.  Originally  color  development  of  spectra- 
zonal film  was  by  i^ans  of  direct  coupler  development  or  by  "toning."  It 
was  determined,  however,  that  by  using  the  camouflage  detection  type  of 
false  color  film  and  exposing  it  through  a red  filter  and,  then,  before 
processing,  further  exposing  it  to  flashing  green  light  (to  eliminate  the 
yellow  layer)  one  could  obtain  the  same  results. 

Other  proposals  were  made  by  Capstaff  In  1941  to  have  a three-layer, 
false-color  film  with  at  least  two  of  the  layers  sensitive  to  different 
re ’ions  of  the  infrared,  and  the  third  layer  sensitive  to  visible  light  or 
to  a third  band  in  the  Infrared.  There  appears  to  be  no  advantage  to  such 
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a material  over  the  available  structures,  however.  Kodak  Ektachrome 
Infrared  Aero  Film,  Type  8443,  first  made  available  to  the  military  as 
Aero  Kodacolor  Reversal  Film,  Camouflage  Detection,  proved  to  be  a greatly 
Improved  Infrared  false-color  material.  Its  properties  are  described  In 
a later  section. 

During  the  past  two  decades  aerial  infrared  color  photography,  and 
more  especially  false  color  infrared  photography,  has  been  commanding 
increasingly  greater  interest  by  both  military  and  civil  agencies.  It  is 
likely  that  the  color  version  will  continue  to  be  preferred  over  the 
black-and-white  in  many  applications.  Too  often,  however,  the  extra  expense 
is  unwarrented  because  the  color  adds  little  more  than  aesthetic  appeal. 

This,  I am  sure,  is  what  prompted  one  of  my  photo  interpretation  colleagues 
of  World  War  II  days  to  exclaim  as  we  sat  side-by-side  in  the  audience  at 
a recent  remote  sensing  symposium  In  which  each  speaker  showed  his  color 
infrared  slides:  "Bob,  sometimes  I wonder  if  the  whole  world  isn't  turning 

red!" 

Kodak  Ektachrome  Infrared  Aero  Film,  Type  8443,  with  its  increased 
speed  and  quality,  might  well  be  used  for  two-color  spectrazonal  photography. 
It  could  perhaps  also  be  a useful  single  film  for  multiband  spectrazonal 
photography  with  proper  filter  use. 

N.  The  Projection  of  Color 

Again  placing  recent  developments  into  historical  perspective,  let 
us  emphasize  that,  shortly  after  a capability  for  obtaining  black-and-white 
photography  had  been  developed,  serious  consideration  was  given  to  means  by 
which,  through  projection,  photography  in  full  color  might  also  be  obtained. 
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For  example,  as  early  as  1855  1n  a paper  on  color  vision,  James  Clerk 
Maxwell  gave  a hypothetical  example  to  clarify  a discussion  of  Young's 
theory  of  vision.  This  was.  In  fact,  the  Invention  of  color  photography. 
Speaking  of  Young's  theory,  Maxwell  wrote: 

"This  theory  of  color  may  be  Illustrated  by  a supposed 
case  taken  from  the  art  of  pnotography.  Let  It  be 
required  to  ascertain  the  colours  of  a landscape  by 
means  of  impressions  taken  on  a preparation  equally 
sens Hive  to  rays  of  every  colour.  Let  a plate  of 
red  glass  be  placed  before  the  camera,  and  an 
Impression  taken.  The  positive  of  this  will  be 
transparent  wherever  the  red  light  has  been  abundant 
In  the  landscape,  and  opaque  where  It  has  been 
wanting.  Let  It  now  be  placed  in  a magic  lantern, 
along  with  the  red  glass,  and  a red  picture  will  be 
thrown  on  the  screen.  Let  this  operation  be  repeated 
with  a green  and  violet  glass,  and  by  means  of  three 
magic  lanterns,  let  the  three  Images  be  superimposed 
on  the  screen.  The  colour  of  any  point  on  the  screen 
will  then  depend  on  that  of  the  corresponding  point 
of  the  landscape;  and  by  properly  adjusting  the 
Intensities  of  light,  etc.,  a complete  copy  of  the 
landscape,  as  far  as  visible  color  Is  concerned,  will 
be  thrown  on  the  screen." 


A more  lucid  description  could  scarcely  be  written  even  today 
regarding  the  use  of  an  "optical  color  combiner"  to  produce  a composite 
color  Image  from  black-and-white  photos  that  have  been  taken  with  various 
film-filter  combinations. 

Maxwell  later  demonstrated  the  above  operation  on  May  17,  1861. 

Toward  the  end  of  the  19th  Century,  Louis  Ducos  du  Hauron  developed 
three-color  separation  to  a fine  art  and  made  beautiful  color  prints  using 
red,  yellow,  and  blue  pigments.  In  1895  he  made  a most  interesting 
observation; 
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"During  i^y  last  researches  I have  discovered  a marvelous 
laM  by  virtue  of  which  an  laiage,  composed  of  two 
monochroows  Is  capable  of  producing  on  the  visual  organs, 
under  certain  conditions,  a colored  sensation  as  complete 
as  the  trichromatic  Images  which  I have  already  obtained. 
The  novelty  consists  In  eliminating  the  yellow  monochrome, 
but  taking  and  superimposing  the  red  and  blue  monochromes 
as  usual.  . . The  phenomenon  that  I have  suggested 
requires  one  condition  and  thnt  Is  that  the  double  Image 
should  be  examined,  not  by  white  light,  and  plenty  of 
It  like  bright  sunlight,  but  rather  by  weak  daylight  and 
Just  enough  to  see  the  subject,  or  better  still  by  the 
yellow  light  of  candles  or  lamps.  Viewing  the  result  by 
daylight  Is  possible,  with  very  great  reduction  of  the 
light.  If  the  Imaoe  Is  produced  on  a yellow  or  gray 
support.  It  should  be  noted  that  under  these  conditions 
the  yellow  sensation  cannot  be  attributed  to  the  yellow 
Illumination  nor  the  yellowish  surface  on  which  the  print 
Is  made.  In  fact  the  white  parts  of  the  scene  are 
rendered  as  white  while  the  yellows  are  rendered  as 
yellow.  Observers  actually  believe  that  they  see  the 
three  colors  where  they  ought  to  be  although  they  know 
they  are  actually  absent." 


Another  milepost  dealing  with  color  photography  Is  to  be  found  In 
Land's  work  with  two-color  project'nn  as  reported  to  the  National  Academy 
of  Sciences  In  1959.  In  one  projector  Land  Included  a "short  record" 
consisting  <f  a panchromatic  exposure  transparency  taken  with  a Wratten  58 
(green)  filter  and  In  the  other  projector  he  Included  a similar  exposure 
taken  with  a Wratten  24  (red)  filter.  This  Is  referred  to  as  the  "long 
record."  Land  devised  a coordinate  system  based  on  short  vs.  long  stimuli 
and  plotted  the  resulting  colors  showing  that,  with  a monochromatic  light 
source,  many  colors  are  possible  and  that  different  combinations  of  wavelengths 
will  yield  the  same  color.  He  also  discussed  negative-positive  projection 
systems  as  well  as  double  contrast.  In  the  latter  case,  ons  projector  has 
two  of  the  same  transparencies  In  It,  while  the  other  projector  has  but  a 
single  transparency  of  the  opposing  record;  he  notes  that  the  result  Is  not 
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«s  ttm  classical  theory  of  color  predicts;  Instead  the  effect  1$  the  same 
as  that  produced  when  projecting  single  transparencies  from  both  projectors. 

0.  Development  of  Color  Film 

In  1924  Mannes  and  GodOMsky  patented  their  first  work  on  a multiple 
layer  color  film  which  eventually  led  to  the  development  of  Kodachrome. 

There  has  been  emphasis  on  three-color  systems  ever  since  the  three-layer 
color  film  came  on  the  market  In  1935.  Almost  Imnedlately  there  developed 
an  Interest  In  the  applications  of  color  to  aerial  photography.  In  1937, 
Colonel  George  Goddard  made  preliminary  tests  and  was  soon  followed  by 
Bradford  Washburn  and  Walter  Clark  as  they  made  aerial  Kodachrome  pictures 
of  southeast  Alaska  In  1938. 

The  question  soon  arose  of  whether  to  make  color  film  which  could  be 
developed  to  a negative  or  to  a positive.  It  was  decided  that  "reversal 
positive  film"  was  the  type  that  should  be  made  available  to  the  military 
during  the  war.  This  was  done  and  the  film  was  designated  as  Kodacolor  Aero 
Reversal  Film,  which  was  the  forerunner  of  Ektachrome. 

As  previously  Indicated,  In  World  War  II  Infrared  false  color  film 
was  made  available  to  the  military  for  testing  as  "Aero  Kodacolor  Reversal 
Film,  CaiTOuflage  Detection."  A currently  used  Infrared  color  film  known  as 
Kodak  Ektachrome  Infrared  Aero  Film.  Type  8443.  Is  basically  a modification 
of  the  Type  B structure  reconmended  by  the  Air  Force  In  1942. 


Several  other  developments  that  might  well  be  Included  In  this  "historical" 
section  are  discussed  more  appropriately  In  the  sections  which  follow,  as  we 
seek  to  set  the  stage  In  this  Introductory  paper  for  subsequent  phases  of 
our  week-long  Conference  of  Remote  Sensing  Educators. 
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(I.  THE  OEVELOWENT  OF  PHOTO  tNTEPPHFTATICN  AND  REMOTE  SENSING  WRING 
THE  PAST  QUARTER  CENTURY 

It  tMffls  ipproprlitt  to  (ncliNit  In  this  ptptr  a stptrata  mjor  stctlon 
Utalinq  with  davelopmants  of  tht  past  Rutrttr  cantury  in  photooraphy  and 
rtlattd  aspects  of  ramott  stnsinp.  Hopefully*  at  a result  of  our  so  doln^* 
we  win  better  know  (In  Abraham  Lincoln's  words)  ^<here  we  aret”  the  better 
to  develop, In  a subsequent  section  that  looks  to  the  future, an  Intetllflent 
forecast  of  "whither  we  are  trending."  At  In  the  previous  sections,  this 
one  win  Itmnize,  under  discrete  headings,  the  most  Important  of  these 
specific  developments. 

The  Post-Nar  Surge  of  Interest  In  Photo  Interpretation 

Anyone  who  has  had  the  exhilarating  experience  of  attenoing  tne  annual 
national  meeting  of  his  professional  society  Is  likely  to  Have  gained  the 
Impression  that  his  profession  Is  growing  by  leaps  and  bounds  and  It 
cowianding  the  Interest  of  most  of  the  thinking  world.  This  Is  exactly  the 
feeling  that  many  remote  sensing  scientists  have  received,  year  after  year, 
at  annual  meetings  of  the  American  Society  of  Photogrammetry,  as  they  have 
talked  with  their  fellow  workers  about  the  future  of  photography,  photo 
Interpretation  and  other  aspects  of  remote  sensing.  With  the  benefit  of 
20/20  hindsight  they  now  can  perceive  that,  until  quite  '•wcently,  most  of 
what  they  were  experiencing  was  little  more  than  a warm  glow  at  being  In  the 
presence  of  some  hardworking  professional  associates  who  were  committed  to 
earning  a living  In  the  same  fields  of  endeavor  as  that  In  which  they, 
themselves,  were  engaged.  Hich  can  be  said  for  having  such  a rejuvenating 
experience  once  a year.  However,  we  must  differentiate  the  enthusiasm 


27 


of  profestlonal  colltaguet  f*o«  that  of  the  rttt  of  the  scientific  coamunity, 
without  whose  support  most  of  the  concepts  discussed  In  this  paper  might 
never  have  progressed  much  beyond  the  "warm  glow"  stage.  What  evidence  is 
there  then  that  modem  remote  tenting  technology.  In  general,  and  photo 
Interpretation,  in  particular,  hat  recently  won  this  acceptance  by  other 
scientists? 

Certainly  tome  evidence  for  this  claim  resides  ir  the  fact  that,  during 
the  past  quarter  century, scientific  and  professional  sr:1et1es  representing 
a tremendous  variety  of  disciplines  have  displayed  groat  Interest  for  the  first 
time  In  various  aspects  of  remote  sensing.  The  technical  sessions  held  at 
their  annual  meetings  have  reflected  this  Interest  by  highlighting  papers,  and 
even  whole  symposia, on  one  aspect  or  another  of  remote  sensing.  Usually  the 
emphasis,  especially  in  the  last  few  years,  has  been  on  recent  developments 
In  the  acquisition  and  analysis  of  multiband  Imagery  and/or  digital  data 
Indicative  of  scene  brightness.  Among  the  professional  societies  In  the 
United  States  that  frequently  have  held  such  technical  sessions  and  continue 
to  do  so  are  the  American  Association  for  the  Advancement  of  Science,  the 
American  Astronautical  Society,  the  American  Institute  of  Biological  Sciences, 
the  National  Geographic  Society,  the  Optical  Society  of  America,  the  Society  of 
American  Foresters,  the  Range  Management  Society  of  America,  the  Ecological 
Society  of  America  and  at  least  three  groups  within  the  National  Research 
Council  (Division  of  Biology  and  Agriculture.  Earth  Sciences  Division,  and 
Agricultural  Research  Institute). 

As  a corollary.  It  has  been  during  this  same  period  that  articles  dealing 
with  remote  sensing  have  for  the  first  time  been  featured  In  the  professional 
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journals  of  most  of  these  societies  and  also  in  some  of  the  more  popular 
magazines,  such  as  Time,  Newsweek,  Scientific  American,  Popular  Mechanics, 
and  National  Geographic  Magazine.  As  further  evidence,  the  highly  prestigious 
professional  journal  of  the  American  Society  of  Photogrammetry,  which  for  years 
had  been  known  simply  as  "Photogrammetric  Engineering"  began  featuring  so 
many  articles  on  photo  Interpretation  and  other  aspects  of  remote  sensing 
that  its  name  was  changed,  during  this  same  period,  to  "Photogrammetric 
Engineering  and  Remo  •.  Sensing." 

What  has  just  bun  sai  ! regarding  the  increased  interest  in  remote 
sensing  by  scientists  in  the  United  States  appears  to  be  true  in  several 
other  countries  as  well,  especially  in  Western  Europe  and  Australia. 

Evidence  leading  to  this  conclusion  is  provided  by  the  steadily  increasing 
number  of  international  symposia  on  various  aspects  of  photo  interpretation  and 
remote  sensing  that  are  being  held  at  several  places  throughout  the  world. 

To  take  an  example  which  proved  to  be  especially  successful,  it  was  in 
1966  that  scientists  from  a great  variety  of  disciplines  combined  their  efforts 
and  produced  a World  Congress  in  Cologne,  Germany,  on  uses  of  photography  and 
other  forms  of  remote  sensing  in  industry  and  technology.  Those  who  presented 
papers  there  on  some  of  the  most  modern  and  highly  sophisticated  forms  of 
photo  interpretation  and  remote  sensing  technology  were  gratified  to  find  out 
their  presentations  were  regarded,  for  the  most  part,  as  the  highlights  of  the 
meeting.  As  another  example,  the  United  Nations  organization  has  in  recent 
years  sponsored  at  least  three  "Regional  Cartographic  Conferences,"  and  a like 
number  of  sessions  at  the  UN's  FAO  Headquarters  in  Rome,  all  of  which  have 
emphasized  potential  applications  of  photo  interpretation,  primarily  in  relation 
to  the  inventory  and  management  of  natural  resources  and  primarily  for  the 
improvement  of  lesser  developed  countries. 
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B. 


The  Impact  of  Mor Id  War  ll's  Photo  Interpretation  Trainees 


Shortly  after  the  end  of  World  War  II  a very  significant  development 
occurred  in  relation  to  the  increased  use  of  remote  sensing  throughout  the 
globe.  For  example,  in  the  United  States  at  that  time  there  were  at  least 
1,000  photo  interpretation  officers  (more  than  600  of  them  from  the  Navy, 
alone)  released  from  active  duty  to  return  to  their  civil  pursuits.  These 
were  individuals  who  had  been  recruited  during  the  war,  commissioned  as 
reserve  officers  and  then  trained  and  given  a great  deal  of  operational  experience 
in  various  aspects  of  aerial  photographic  intelligence.  Upon  completion  of 
the  war  the  vast  majority  of  them  returned  to  civil  life  to  work  in  the 
professions  from  which  they  had  been  recruited.  Host  of  these  professions 
dealt,  in  one  way  or  another,  with  the  earth's  natural  resources--professions 
such  as  geology,  forestry,  range  management,  soil  science,  hydrology,  and  the 
agricultural  and  engineering  sciences.  Almost  all  of  these  individuals  had 
the  following  combination  of  attributes:  (a)  they  possessed  a B.S.  degree  in 
one  of  the  above  listed  disciplines;  (b)  they  possessed  good  qualities  of 
leadership,  much  of  it  having  been  developed  during  their  service  as  military 
officers;  (c)  by  virtue  of  their  military  training  and  experience  in  studying 
aerial  photos  to  assess  "trafficabil ity  conditions"  (i.e.,  conditions  governing 
the  movement  of  personnel  and  various  kinds  of  mechanized  equipment),  they 
were  well  aware  of  both  the  uses  and  the  limitations  of  aerial  photos  in 
assessing  certain  kinds  of  information  that  would  be  of  interest  also  to  the 
manager  of  natural  resources  (e.g.,  information  with  respect  to  terrain  analysis, 
vegetation  identification,  and  soil  mapping);  (d)  they  were  young,  vigorous  and 
eager  to  build  on  their  military-acquired  experience,  if  possible,  as  they 
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returned  to  pick  up  the  threads  of  their  pre-war  careers;  and  (e)  they  were 
well  qualified,  and  usually  well  motivated,  to  teach  others  how  to  interpret 
aerial  photographs. 

The  impact  ov  these  individuals  on  the  development  of  remote 
sensing  in  the  United  States  during  the  post-war  era  can  scarcely  be  over- 
emphasized. Reportedly  other  nations  benefited  in  a similar  manner  as  their 
military-trained  reservists  returned  to  civil  life. 

As  listed  below  there  were  at  least  four  other  important  training- 
related  developments  that  occurred  in  a great  many  countries  during  the  post- 
World  War  II  era  with  respect  to  remote  sensing.* 

(a)  The  rapid  increase  during  the  post-war  era  in  university- 
level  course  offerings  dealing  with  one  aspect  or  another 
of  photo  interpretation  and  photogrammetry; 

(b)  Associated  with  the  above  item,  the  rapid  increase  in  the 
number  and  quality  of  textbooks  dealing  with  aerial 
photographic  interpretation  and  photogrammetry:  ** 

(c)  The  rapid  increase  in  the  number,  quality  and  types  of 
equipment  for  use  in  photo  interpretation  and 
photogrammetric  activities;  and 

(d)  The  growing  stature  of  photo  interpretation  in  various 
professional  societies. 


*By  this  point  in  my  paper  it  will  be  apparent  that  the  term  "remote  sensing" 
is  sometimes  used  instead  of  "photo  interpretation"  for  the  following 
reason:  photo  interpretation  pertains  specifically  to  the  study  of  photo- 

graphic images  for  the  purpose  of  identifying  objects  and  judging  their 
significance;  the  broader  term,  remote  sensing,  has  come  to  mean  all  of 
this,  plus  data  acquisition  as  well. 

**This  topic  is  to  be  covered  quite  fully  in  a paper  that  is  to  be  presented  by 
Rudd  et  al , later  in  this  conference  (Ref.  11). 
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C.  Founding  of  an  Intemtlonal  Commission  on  Photo  Interpretation 


An  intematioral  develo|»«nt  of  particular  significance  in  the  growth  of  remote 
sensing  was  the  formation  in  1952  of  a special  Commission  on  Photo  Interpretation 
(Commission  VII)  within  the  International  Society  of  Photogrammetry.  In  my  capacity 
as  the  president  of  that  commission  for  the  first  eight  years,  or  so,  of  its  exis* 
tence,  I can  clearly  recall  that  during  that  period  the  assertion  frequently  was 
made  by  photogrammetrists  that  photo  interpretation  was  not  of  sufficient  stature 
to  merit  its  own  conmission.  Such  an  assertion  is  rarely,  if  ever,  heard  now,  thanks 
largely  to  the  steadily  increasing  stature  acquired  by  photo  interpretation  during 
the  post-World-War  II  period. 

As  pointed  out  (Ref.  12)  in  a recent  review  of  Commission  VII 's 
activities,  part  of  the  steadily  increasing  interest  in  remote  sensing  that  has 
occurred  during  the  past  quarter  century  has  resulted  from  the  great  increase 
that  has  occurred  during  that  time  in  both  the  total  amount  and  the  availability 
of  photography  and  other  types  of  renwte  sensing  data.  Many  of  the  "Johnny- 
Come  -La  tel  ies"  to  the  field  of  remote  sensing  find  it  hard  to  believe  that,  in 
the  early  1950 's  photo  interpreters  in  the  United  States  and,  indeed,  throughout 
the  globe,  were  continuing  to  work  (as  in  previous  decades)  almost  entirely 
with  a single  type  of  imagery.  It  was  almost  invariably  black-and-white 
vertical  aerial  photography,  that  had  been  taken  at  some  time  during  the 
preceding  10-year  period,  probably  during  cloud-free  midsummer  high  sun  angle 
conditions,  using  panchromatic  film  and  a "minus  blue"  filter,  and  employing 
a camera  having  approximately  an  8-1/4"  focal  length  and  a 9"x9"  negative  size, 
operated  from  an  altitude  of  13,750  feet  above  the  terrain  to  give  a photographic 
scale  of  1/20,000,  or  thereabouts.  While  the  great  potential  benefits  of 
acquiring  and  interpreting  ntuUiband,  multidate,  and  multistage  photography 
were  recognized,  it  was  totally  unrealistic  in  most  instances  to  consider  that 
such  kinds  of  photography  could  all  be  made  routinely  available  to  the  photo 
interpreter  at  any  foreseeable  future  date. 
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At  this  point  let  us  examine  quite  specifically  the  role  of  Commission  VII 
In  relation  to  the  photo  Interpretation  progress  that  Is  about  to  be  discussed. 

Until  Commission  VII  (Photo  Interpretation)  of  the  International  Society 
for  Photogrammetry  was  founded  In  1952  there  was  no  organization  which  might 
logically  serve  as  the  International  "clearing  house"  on  photo  Interpretation 
matters.  Prior  to  that  timei  therefore,  there  was  needless  duplication  of 
effort  both  in  the  conduct  of  research  and  In  the  reporting  of  results  and 
activities  relative  to  the  field  of  photo  Interpretation.  In  many  Instances, 
the  problem  was  one  of  omission  rather  than  duplication. 

Each  of  the  other  commissions  of  the  International  Society  for  Photo- 
grammetry (ISP),  having  been  formed  many  years  earlier,  had  solved  such 
problems  primarily  through  (1)  the  appointment  of  reporters  from  each  of  the 
countries  most  active  in  that  aspect  of  photogrammetry  with  which  the  commission 
was  concerned;  (2)  the  publication  of  pertinent  articles,  papers,  and  newsworthy 
Information  In  Photogrammetrla,  the  official  publication  of  the  ISP;  (3)  the 
organizing  and  presenting  of  international  symposia  once  every  four  years  as 
part  of  the  quadrennial  meeting  of  the  ISP;  and  (4)  the  publication  of  a very 
complete  and  prestigious  record  of  the  proceedings  of  those  quadrennial  meetings 
of  their  commission.  For  each  such  commission  it  was  common  practice  that 
the  Commission's  president  and  vice-president  for  any  given  four-year  period 
be  appointed  from  i..o  of  the  countries  that  currently  were  most  active  In 
work  of  the  type  dealt  with  by  the  Commission. 

All  of  those  highly  desirable  attributes  have  been  emulated  by  Commission  VII 
from  the  very  time  of  its  formation.  It  Is  in  consequence  that  this  part  of  my 
paper,  dealing  primarily  with  progress  In  photo  Interpretation  in  the  past 
quarter  century,  Indirectly  constitutes  a tribute  to  the  activities  of 
Commission  VII  since  its  founding  in  1952. 
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D.  Efforts  Aimed  at  the  Systenatic  Training  of  Photo  Interpreters 
In  the  Post-War  Era. 

It  was  rouyhly  a quarter  century  ago  that  one  of  the  first  attempts 
was  made  to  list  the  most  significant  components  that  govern  the  quality 
(and  hence  the  interpretability)  of  photographic  images  and  to  categorize  the 
various  measures  that  might  be  taken  to  rectify  image  deficiencies.  As  set 
forth  at  the  timt  ^Ref.  13)  there  reportedly  were  three  such  components,  viz., 
the  tone  or  color  cot trast  between  a photographic  image  and  its  background; 
the  sharpness  of  the  image  as  measured  by  the  abruptness  with  which  this 
tone  or  color  change  occurred  on  the  photograph  at  the  "edge"  of  the 
image  in  question;  and  (applicable  only  in  the  event  that  the  feature  in 
question  had  differences  in  elevation  with  respect  to  its  background),  the 
amount  of  stereo-parallax  exhibited  by  the  image.  Stereo  parallax  is  defined 
as  the  shift  in  the  apparent  position  of  the  image  with  respect  to  its 
background  caused  by  a shift  in  the  point  of  observation  (as  when  the  camera  sta- 
tion shifted  from  the  point  from  which  the  left  member  of  a stereo  pair  of 
photos  was  taken  to  the  point  from  which  the  right  member  of  that  pair  was 
taken) . 

It  was  recognized  that  the  factors  which  govern  any  one  of  these 
image  quality  characteristics  are,  for  the  most  part,  different  than  those 
which  govern  either  of  the  other  two.  Thus,  it  .was  pointed  out  that  there 
were  four  primary  factors  governing  the  tone  or  color  contrast  (spectral 
reflectivity  of  the  feature  and  its  background;  spectral  sensitivity  of  the 
film;  spectral  transmissivity  of  the  filter;  and  spectral  scattering  by 
atmospheric  haze  particles).  Similarly  there  reportedly  were  four  primary 
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but  quite  different  factors  governing  image  sharpness  (aberrations  of  the 
lens  system;  focus  of  the  lens  system*,  image  motions  at  the  instant  of 
exposure;  and  characteristics  of  the  photographic  materials).  Finally, 
there  were  considered  to  be  three  primary  factors  governing  stereoscopic 
parallax  (altitude  of  photography;  length  of  the  stereo  base  as  governed 
by  the  distance  between  overlapping  exposures;  and  difference  in  elevation 
between  the  feature  and  its  surroundings). 

Even  to  this  day,  the  rather  simplistic  treatment  of  image  quality 
that  has  just  been  given  would  seem  to  have  merit  in  each  of  two  respects: 

(a)  It  is  highly  meaningful  to  speak  of  three  separate  measures  of 

the  visual  acuity  of  the  image  analyst  which  are  almost  identical  with  these 
three  image  quality  characteristics.  Specifically,  it  is  highly  relevant 
for  three  corresponding  questions  to  be  asked:  (1)  To  what  extent  can  any 

given  image  analyst  (or  applicant  for  work  involving  image  analysis)  perceive 
differences  in  tone  or  color  contrast  between  an  image  and  its  background 
(e.g.,  does  he  have  some  kind  of  color  blindness?)?  (2)  To  what  extent  can  he 
resolve  fine  detail  and  thus  exploit  the  sharpness  of  an  image?  (3)  To 

what  extent  can  he  perceive  stereoscopic  parallax,  if  at  all?  Unfortunately, 
some  image  analysts  have  only  one  good  eye. 

(b)  It  follows  from  the  above  that  a competent  image  analyst,  on 
examining  a given  type  of  imagery,  can  determine  to  what  extent  that  imagery 
is  of  suitable  quality  in  terms  of  each  of  these  three  attributes.  If,  on 
making  such  a determination,  he  finds  deficiencies  in  one  or  more  of  these 
attributes  and  wishes  to  make  improvements  in  that  attribute  when  acquiring 
additional  imagery  in  the  future,  he  needs  only  to  turn  to  the  list  of  factors 
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described  above  that  fjovern  the  quality  of  that  attribute.  In  so  doing  he 
can  promptly  learn  what  approach  needs  to  be  used  In  rectifying  the 
deficiency,  whatever  it  may  be,  when  more  photography  is  being  taken. 

Two  measures  of  image  quality  that  were  being  developed  at  about 
the  same  time  as  the  above  have  become  known,  respectively,  as  "acutance" 
and  the  "modulation  transfer  function."  Both  of  them  probably  are  more 
precisely  measurable  and  consequently  more  appealing  to  the  physicist  and 
mathematician  than  the  "tone-sharpness-parallax"  concept  that  has  just  been 
described.  But  experience  has  shown  that  both  of  them  are  much  more 
difficult  for  the  average  image  analyst  to  comprehend,  and  to  identify  with. 
Furthermore,  neither  acutance  nor  the  modulation  transfer  function  gives 
due  consideration  to  stereoscopic  parallax.  Instead,  each  concerns  itself 
primarily  with  the  "sinusoidal  response  curve"  that  is  obtained  when  a plot 
is  made  of  the  change  in  tone  or  brightness  per  unit  of  distance  along  the 
edge  or  perimeter  of  a feature,  as  imaged  on  photography.  Acutance  deals 
with  only  one  such  edge  (e.g.,  the  classic  photograph  of  a "knife  edge") 
while  the  modulation  transfer  function  deals  with  a whole  sequence  of  such 
edges,  repetitively  spaced,  but  at  progressively  closer  distances,  as  in  a 
resolution  target. 

By  about  1960,  a systematic  approach  to  the  factors  governing  the 
amount  of  information  derivable  from  image  analysis  tended  to  deal  in  one  way 
or  another  .vith  four  components,  only  the  first  of  which  has  been  alluded  to 
in  the  preceding  paragraphs.  These  components,  at  least  as  set  forth  in  one 
representative  treatment  were  described  in  the  following  statement  (Ref.  14): 
"If  aerial  photo  Interpretation  in  any  of  its  applied  forms  is  to  be  employed 
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luccissfully.  four  conditions  must  bo  satisfied:  (a)  the  aerial  photography 
must  provide  Images  of  suitable  quality  for  extracting  the  typv  of  Informs* 
tion  that  Is  to  be  obtained  through  photo  Interpretation;  (b)  the  men  per- 
forming the  photo  Interpretation  work  must  have  been  properly  selected  and 
trained;  (c)  the  equipment  used  In  viewing,  measuring,  and  interpreting 
the  photographic  Images  must  be  of  suitable  quality;  and  (d)  the  methods 
and  techniques  used  by  the  photo  Interpreter  must  permit  him  to  extract 
the  Information  both  efficiently  and  accurately." 


In  discussing  the  second  of  the  above-listed  considerations,  this 
reference  made  the  following  rather  optimistic  stateirient  which  perhaps  needs 
to  be  re-evaluated  In  light  of  developments  since  It  was  written,  nearly 
20  years  ago: 

"Until  recently  there  was  a tendency  to  assume  that  one 
person  was  as  well  suUed  to  photo  Interpretation  work 
as  another.  Consequently,  the  selection  process  revolved 
primarily  around  considerations  as  to  the  relative 
availability  of  two  or  more  people  to  handle  an  additional 
task,  In  this  Instance  aerial  photographic  Interpretation. 

However,  we  are  gradually  coming  to  realize  that  the 
differences  between  a good  photo  Interpreter  and  a poor 
one  can  be  largely  explained  on  the  basis  of  (I)  differences 
In  visual  acuity,  (2)  differences  In  mental  acuity,  and 
(3)  differences  In  general  attitude  toward  the  photo 
Interpretation  task." 

That  article  then  traced  seeming  progress  In  each  these  three  areas,  cited  a 
very  successful  11 -phase  aptitude  test  for  photograph  users  and  announced  the 
recent  finding  of  "highly  significant  correlations  between  the  candidate's 
photo  Interpretation  abilities  and  his  abilities  In  general  mathematics, 
mechanical  principles,  and  arithmetic  reasoning,"  and  speculated  on  the 
probable  Importance  of  "capacity  for  learning,  adaptability,  and  powers  of 
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JudgMwnt."  It  also  Included  a sample  test  that  might  be  applied  for 
determining  a candidate's  attitude  toward  the  photo  Interpretation  task, 
and  discussed  recent  Improvements  In  photo  Interpretation  training  methods, 
materials,  and  equipment.  In  retrospect,  we  can  see  that  progress  has  been 
much  slower  In  the  20  years  since,  particularly  In  Implementing  the  various 
findings  and  concepts  referred  to  above,  than  had  been  anticipated.  On  the 
other  hand,  a rather  cautious  understatement  was  made  In  that  reference  with 
respect  to  the  future  use  of  computers.  The  statement  simply  cited  their 
Increased  use  by  photo  Interpreters  "to  make  multiple  correlation  analyses, 
derive  multiple  regression  equations,  and  determine  the  statistical 
reliability  of  various  sizes  of  samples  and  methods  of  sampling." 

Finally,  that  article  of  nearly  20  years  ago,  in  discussing  recent 
Improvements  In  the  methods  and  techniques  of  photo  Interpretation  cited 
(a)  methods  for  orienting  a stereo  model  beneath  the  stereoscope;  (b) 
methods  for  handling  a large  stack  of  photos  In  an  orderly  manner  during 
the  photo  Interpretation  process;  and  (c)  methods  for  avoiding  duplication  or 
omission  In  the  Interpretation  of  areas  common  to  two  or  more  overlapping 
photographs.  In  retrospect  we  perceive  that  no  significant  break*throughs 
In  any  of  these  mundane  methods,  comnmn  though  they  are  to  virtually  all 
kinds  of  photo  Interpretation,  have  been  made  In  the  Interim. 

In  looking  to  the  future  that  article  was  quite  correct  In 
predicting  that  "for  the  first  time,  extremely  small  scale  photography 
taken  with  a photo  reconnaissance  satellite  from  an  altitude  of  nearly 
200  miles  will  be  available  for  civil  as  well  as  military  photo  Interpretation 
work."  Modern  day  remote  sensing  scientists  might  disagree  with  the  sentence 
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which  followed  in  which  it  was  asserted  that  "this  photography  will  permit 
us  to  do  little  more  than  discover  and  evaluate*  in  crudest  terms*  the 
natural  resources  in  vast  and  remote  areas,  but  will  be  of  tremendous  value 
in  helping  to  plan  for  the  economic  growth  of  underdeveloped  countries.' 

E.  Improvements  During  the  Past  Quarter  Century  in  Sensor  Platforms 
and  Sensor  Systems. 

All  of  the  attendees  at  this  conference  must  surely  realite  that 
modern  day  space  photography  permits  us  to  do  much  more  (not  little  more, 
as  was  predicted  in  the  concluding  sentence  of  the  preceding  paragraph)  than 
merely  to  "discover  and  evaluate,  in  crudest  terms*  the  natural  resources  in 
vast  and  remote  areas."  Part  of  the  explanation  is  found  in  our  having 
underestimated  the  potential  advantage  that  would  be  given  to  a photo  inter* 
preter  by  the  overall  "synoptic  view"  as  recorded  from  an  altitude  of  one 
hundred  miles  or  more  and  covering  a ground  area  per  frame  of  photography 
that  was  at  least  a thousandfold  greater  than  that  to  which  he  was  accustomed. 
But  another  part  of  the  explanation  results  from  our  failure,  prior  to  the 
dawning  of  the  space  age*  to  perceive  the  remarkable  improvements  that  would 
be  made  in  cameras  and  other  sensor  systems.  For  instance*  the  aerial 
photography  of  a quarter  century  ago  rarely  permitted  more  than  25  line  pairs 
per  millimeter  to  be  discerned.  Since  then,  improvements  in  both  the  emulsions 
of  photographic  films  and  the  optics  of  sensor  systems  have  been  sufficient  to 
make  quite  conrionplace  a fourfold  improvement  in  such  resolution.  Furthermore, 
serious  discussions  regarding  the  potential  for  obtaining  fortyfold  Improvements 
frequently  are  heard. 

There  also  have  been  some  startling  improvements  in  recent  years  in 
various  other  kinds  of  sensor  systems,  including  panoramic  cameras,  continuous 
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strip  cameras,  optica)  mechanica)  scanners,  and  slde*)ookln9  airborne  radar 
systems.  Each  of  these  systems . when  used  Individually  aboard  a spacecraft, 

Is  able  to  provide  certain  kinds  of  Information  that  cannot  be  obtained 
from  any  of  the  others.  More  importantly,  when  the  remote  sensing  data  that 
has  been  acquired  by  several  of  these  sensor  systms  Is  placed  In  the  hands 
of  a competent  Image  analyst,  the  "convergence  of  evidence"  orlnclple  can  be 
exploited  In  respects  that  heretofore  were  not  feasible,  thereby  adding  greatly 
to  the  amount  and  accuracy  of  Information  derivable  from  space-acquired 
remote  sensing  data. 

F.  Improvements  During  the  Past  Quarter  Century  In  Capabilities  for  the 
Analysis  of  Remote  Sensing  Data. 

The  techniques  and  equipment  used  by  htanans  In  the  analysis  of 
remote  sensing  data  were,  for  the  first  time,  canprehensively  described  and 
Illustrated  In  the  Manual  of  Photographic  Interpretation  as  mentioned 
previously  (Ref.  2).  Since  then,  great  advances  have  been  made  In  developing 
capabilities  for  the  analysis  of  remote  sensing  by  machines.  As  a result, 
there  Is  today  a valuable  and  extensive  field  of  photo  Interpretation  (or  more 
broadly  stated,  of  "computer  assisted  analysis  of  remotely  sensed  data")  that 
was  virtually  unknown  a quarter  century  ago.  For  example,  almost  no  mention 
of  this  capability  appears  In  the  previously  mentioned  "Manual  of  Photo 
Interpretation"  (Kef  .2),  whereas  it  constitutes  a very  major  part  of  the  material 
contained  In  a companion  volume  published  15  years  later  and  entitled  "Manual 
of  Remote  Sensing"  (Ref.  4). 

Because  of  this  modern  day  dual  approach  to  the  analysis  of  remote 
sensing  data  some  very  important  questions  currently  are  being  addressed 

♦This  fact  Is  well  Illustrated  If  we  consider,  for  example,  the  unique 
caablnatlon  of  advantages  inherent  in  Landsat-acquired  data,  as  set  forth  In  Table  1. 
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Table  1 Valuable  characteristics  of  Landsat  data  in  relation  to  the 

inventory  and  monitoring  of  earth  resources. 

(No  other  vehicle-sensor  system  provides 
this  important  combination  of  characteristics). 


1.  Multispectral  Capability 

A.  Senses  for  the  optimum  wavelength  bands  for  use  in  the  inventory  and  monitoring  of  most  types  of  earth 
resources  (timbe*-,  forage,  agricultural  crops,  minerals,  water,  atmospheric  and  oceanographic  resources). 

3.  Provides  high  spectral  fidelity  within  each  of  these  bands. 

2.  Multi -Temporal  Capability  (Provides  Multiple  "Looks"  for  Monitoring  Seasonal  Changes  in  Vegetation,  Rate  and 
Direction  of  Plant  Succession  and  the  Accuvulation  or  Receding  of  Snow  or  Flood  Maters). 

3.  Constant  Repetitive  Observation  Point  (Facilitates  Change  Detection  by  Hatching  of  Multi -Temporal  Images). 

i.  Sun-Synchronous  (Nearly  Constant  Sun  Angle)  Ensures  Nearly  Uniform  Lighting  and  Uniform  Image  Tone  or  Color 
Characteri sties  for  Use  in  Feature  Identification. 

5.  Narrow  Angular  Field  of  Sensors  (570  Mile  Altitude  and  Only  115  Mile  Sivath  Width  Avoids  Tone  or  Color 
"Fall  Off"  at  Edges  of  Swath  and  Thus  Increases  Still  Further  the  Uniformity  of  Image  Tone  or  Color  Charac- 
teristics) . 

6.  Provides  Computer-Compatible  Products  Directly  (Facilitates  Automatic  Data  Processing). 

7.  Potential  Hinimun  Delay  in  Data  Availability  to  User  (Permits  "Real-Time"  Analysis  and  Facilitates  Making 
Globally  Uniform  Resource  Inventories,  when  Appropriate,  or  Analyzing  Troubled  Areas  such  as  Sahel,  in  Africa). 

8.  Systematic  Coverage  of  Entire  Earth  Except  for  Near-Polar  Regions. 

9.  Capability  for  Receiving  Data  from  Ground-Based  Data  Platforms  (Facilitates  Use  of  "Ground  Truth"  Data  in 
the  Inventory  and  Monitoring  of  Earth  Resources). 

10.  Spatial  Resolution  is  Optirum  for  "First  Stage"  Look  and  is  Politically  Palatable,  Both  Oom,estically  and 
International ly. 

11.  Data  Routinely  Placed  in  Public  Domain  for  Benefit  of  All  Mankind. 


relative  to  ways  In  which  the  human  and  the  machine  should  interface  In  order 
to  bring  about  the  most  complete,  accurate,  and  expeditious  analysis  of  remote 
sensing  data  through  a suitable  combination  of  human  and  automated  data 
analysis.  More  Information  with  respect  to  this  Important  topic  will  be  found 
In  a later  section  of  this  paper  that  deals  with  a look  to  the  future. 

G . Controversies  of  the  Past  25  Years  Relative  to  the  Usefulness  of 
Photo  Interpretation  Keys. 

Evidence  of  the  Interest  commanded  by  photo  interpretation  keys  a 
quarter  century  age  Is  to  be  found  merely  from  a survey  of  the  literature  for 
that  period.  For  example,  this  matter  was  of  such  Interest  that  In  1952,  in 
the  Report  of  the  President  of  Commission  Vll  (Photographic  Interpretation) 
to  the  International  Society  of  Photogrammetry  (Ref.  15),  almost  half 
of  the  entire  report  was  devoted  to  discussing  and  Illustrating  such  keys  and 
to  a parallel  discussion  of  terminology  problems  and  solutions  associated  with 
their  use.  Yet,  despite  that  seemingly  disproportionate  allocation  of  space 
to  one  topic,  photo  Interpretation  keys  were  again  the  primary  topic  at  the 
1955  annual  meeting  of  the  American  Society  of  Photogrammetry  in  the  course  of 
winch  a panel  presentation  consisting  of  no  less  than  nine  papers  was  devoted 
to  this  subject.  Although  it  is  probable  that  the  hey-day  for  photo  interpre- 
tation keys  has  passed,  their  usefulness  both  as  training  aids  and  reference 
manuals  should  not  be  dismissed,  even  up  to  the  present  time. 

One  of  the  most  definitive  tests  ever  per  ormed  relative  to  the 
effectiveness  of  photo  interpretation  keys  as  trailing  aids  \/as  conducted 
in  the  United  States  using  60  high  school  students  as  the  test  subjects  and 
a dichotomous  key  contained  in  the  book  "Pacific  Landforms  and  Vegetation" 
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as  the  test  material.  Specifically,  the  key  tested  dealt  with  wildland 
vegetation  types  such  as  Nipa  Palm,  Casuarina,  Mangrove,  and  Moss  Forest-- 
types  which  no  one  in  the  test  group  had  ever  seen  or  perhaps  even  heard 
about.  Within  a six-hour  day  of  instruction  the  students,  starting  from 
"ground  zero", were  first  taught  the  principles  of  aerial  photography  and 
stereoscopy  and  given  practice  in  the  three-dimensional  viewing  of  overlapping 
vertical  aerial  photographs  through  a stereoscope.  They  were  then  taught 
the  principles  and  use  of  the  dichotomous  key  that  was  to  be  tested,  a key 
dealing  with  the  wildland  vegetation  types  of  the  Tropical  Pacific  Area. 
Finally,  during  the  last  hour  each  student  was  given  a set  of  operational 
photos  of  a representative  portion  of  the  Tropical  Pacific  Area  within  which 
were  to  be  found  some  of  the  most  complex  vegetation  associations  that  might 
be  encountered  anywhere  in  the  world.  The  students  were  asked  (1)  with  the 
aid  of  the  key  to  identify  the  type  of  vegetation,  area-by-area,  and  (2)  with 
the  aid  supplementary  statements  which  accompanied  the  key  and  which  dealt 
with  the  "trafficabil ity  conditions"  known  to  be  associated  with  each 
vegetation  type  {i.e.,  statements  describing  the  ease  or  difficulty  with  which 
either  personnel  or  various  kinds  of  mechanized  equipment  could  traverse  the 
area)  to  delineate  on  the  photographs  the  best  route  of  travel  from  point-to- 
point.  Fully  one-third  of  the  students  identified  the  many  vegetation  types 
with  nearly  100  percent  accuracy  and  selected  point-to-point  routes  of  travel 
that  were  known  to  be  among  the  most  favorable,  based  on  "ground  truth." 

Despite  encouraging  findings  such  as  these,  photo  interpretation  keys 
seem  to  be  less  usiid  today  than  25  years  ago,  and  certainly  to  command  less 
interest  as  topics  for  discussion  at  a conference  such  as  this  one. 
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III.  THE  ROLE  OF  EDUCATION  TO  DATE  IN  THE  DEVELOPMENT  OF  REMOTE 

SENSING  TECHNOLOGY 

The  rather  extensive  historical  review  that  has  just  been  given  should 
enable  us  to  answer,  in  the  present  section,  several  specific  questions  that 
were  addressed  to  us  by  the  conveners  of  this  conference.  One  of  these 
questions  relates  to  the  role  that  training  has  played  to  date  in  the 
development  and  acceptance  of  remote  sensing  technology.  Another  question 
asks  whether  it  seems,  in  the  light  of  this  historical  review,  that  the 
period  of  time  that  has  been  required  for  development  to  date  of  this 
technology  has  been  inordinately  long.  Still  another  asks  whether  better 
training  might  have  accelerated  the  rate  at  which  remote  sensing  technology 
has  been  developed  and  accepted  to  date.  These  and  related  questions  prompt 
us  to  devote  most  of  the  present  section  to  a brief  summary  of  the  training 
activities  that  have  accompanied  remote  sensing  development  and  acceptance 
up  to  the  present  time. 

The  adequacy  with  which  we  are  able  to  respond  to  these  questions  in  the 
present  section  obviously  will  govern  in  large  measure  our  success  in  writing 
a concluding  section  of  this  paper  which,  as  previously  indicated,  is  to  deal 
with  the  probable  future  of  remote  sensing  technology  and  training. 

Usually,  when  an  important  new  science  is  being  developed,  and  especially 
one  that  offers  great  and  immediate  practical  benefit  to  mankind,  there  is  a 
parallel  development  in  textbook  writing  and  in  the  offering  of  formal 
instruction.  As  a result,  the  training  never  lags  far  behind  the  basic 
scientific  developments  themselves,  and  soon  it  becomes  acknowledged  that  an 
important  new  discipline  has  emerged.  Furthermore  the  steady  stream  of  enthusi- 
astic and  knowledgeable  trainees  produced  by  such  a process  does  much  to  hasten 
the  rate  of  technology  acceptance. 
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Such  does  not  appear  to  have  been  the  pattern  In  the  early  days 
during  which  the  development  of  photography  was  occurring.  In  fact  it  seems 
apparent  that  during  the  century  following  the  discovery  of  photography, 
training  was  not  a significant  activity  in  relation  to  the  development  and 
acceptance  of  remote  sensing  technology.  This  statement  is  based  not  only 
on  the  present  writer's  own  appraisal  but  on  the  similar  conclusions,  whether 
stated  or  implied,  in  the  10  historical  reviews  that  are  cited  earlier  in 
this  paper. 

Instead,  the  following  somewhat  restrictive  activities  (i.e.,  activities 
designed  to  discourage  general  acceptance  of  remote  sensing  technology)  appear 

to  have  occurred  during  that  period. 

1.  The  patenting  of  photogrammetric  principles  (such  as  the  radial 
line  plot  process)  and  evan  the  simplest  but  highly  practical  equipment 
designed  to  exploit  those  principles  (such  as  the  slotted  template  cutter),  and 

2.  The  withholding  of  information  on  some  of  the  most  spectacular 

successes  in  the  field  of  military  photo  interpretation  on  grounds  of  military 
security.  Thus,  it  was  only  belatedly  made  known,  for  example,  that  an 
obscure  but  highly  authoritative  military  report  written  at  the  end  of  World  War 
I documented  the  following  fact:  In  the  very  sizable  front  line  sector  that 

was  occupied  by  American  forces  during  World  War  I more  than  90  percent  of  the 
enemy's  fortifications  and  related  weaponry  were  correctly  located  and 
identified  by  means  of  aerial  photographic  interpretation.  Yet  at  the  start 

of  World  War  II  there  was  not  a single  officer  in  the  entire  U.S.  Armed  Forces 
who  had  been  trained  to  interpret  aerial  photos  for  military  purposes. 
Consequently,  within  the  United  States,  virtually  the  entire  field  of  aerial 
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photographic  Intelligence  had  to  be  "rediscovered"  early  In  World  War  II  when 
a Navy  lieutenant.  Robert  S.  Quackenbush,  and  two  associates,  visited  England 
and  observed  the  techniques  which  were  being  developed  and/or  rediscovered  by 
British  military  authorities  under  the  desperate  urgency  of  the  Battle  for 
Britain  and  the  threat  of  German  Invasion.  To  this  day  some  authorities  claim 
that  the  primary  factor  that  thwarted  the  long-threatened  Invasion  of  Britain 
by  German  troops  was  the  11th  hour  discovery  by  British  photo  interpreters, 
and  the  consequent  destruction  by  air  attack,  of  invasion  boats  and  barges 
that  were  being  massed  in  canals  near  the  coast  of  the  mainland  of  Europe, 
just  across  the  channel  from  England. 

The  reported  withholding  of  some  of  the  successes  achieved  by  geologists 
in  using  aerial  photo  interpretation  for  the  discovery  of  mineral  and 
petroleum  deposits  constitutes  another  example  of  action  designed  to  discourage 
the  rapid  and  general  acceptance  of  photo  interpretation.  In  this  instance 
the  withholding  was  in  the  interest  of  maintaining  "trade  secrets,"  sometimes 
categorized  by  private  enterprise  as  "company  confidential."  It  is  not  known, 
however,  ho'v  commonly  this  action  was  taken. 

Without  question,  the  most  important  training  activity  leading  to  the 
rapid  development  of  remote  sensing  in  the  past  three  decades  was  that  given 
to  civilians  by  the  U.S.  Armed  Forces  in  general  and  by  the  U.S.  Navy  in 
particular,  during  World  War  II.  For  two  reasons  I propose  to  develop  this 
thesis  quite  fully:  (1)  Because  of  its  great  impact  on  modern  day  remote 
sensing  It  is  at  the  very  heart  of  the  topic  that  I was  asked  to  deal  with  in 
this  paper,  viz.,  the  role  of  education  to  date  in  the  development  of  modern 
remote  sensing  technology;  and  (2)  There  is  no  topic  of  historical  relevance 
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to  this  Conference  of  Remote  Sensing  Educators  on  which  I personally  could 
speak  more  authoritatively  since  (a)  I was  in  charge  of  the  Navy's  training 
programs  in  photo  interpretation  and  photogrammetry  during  most  of  this  time,  and 
(b)  during  the  rest  of  World  War  II,  I was  either  working  side-by-side  with  or 
else  commanding  large  numbers  of  these  photo  interpretation  trainees  from  all 
branches  of  the  U.S.  Armed  Forces. 

During  World  War  II  the  Navy,  unlike  the  other  branches  of  the  U.S. 

Armed  Forces,  hud  the  following  policy  for  selecting  trainees:  (1)  Only  officers 
will  be  trained;  (2)  Because  all  officers  of  the  Regular  Navy  are  greatly 
needed  to  man  ships,  aircraft,  and  the  supporting  shore  establishments,  all 
of  the  officers  trained  to  interpret  aerial  photos  will  be  Reservists;  and  (3) 
These  Reservists,  by  and  large,  should  be  selected  from  professions  which  deal 
with  the  plan  view,  in  general,  and  with  maps  in  particular,  because  such 
individuals  can  more  readily  comprehend  what  they  see  on  vertical  aerial 
photographs . 

A more  stark  demonstration  of  the  wisdom  of  this  Navy  policy  could 
scarcely  be  envisaged  than  the  one  which  centered  around  the  planning  and 
execution  of  the  Okinawa  campaign  of  World  War  II.  The  photo  intelligence 
component  for  that  operation  consisted  of  more  than  100  officers  and  men 
from  all  branches  of  the  Armed  Forces--all  of  whom  had  been  "trained"  to  do 
photo  interpretation  work.  Throughout  the  entire  one  year  period  reguired 
for  the  planning  and  execution  of  the  Okinawa  operation  I was  in  charge  of 
these  individuals  in  my  capacity  as  "Chief  of  Photo  Intelligence"  and  was 
able  to  make  rather  close  observation  of  the  individual  performances  of  a 
great  many  of  them.  Belatedly  I learned  why  the  family  names  of  so  many  of 
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the  photo  interpreters  on  the  roster  of  the  Army  contingent  that  was  assigned 
to  me  were  difficult  for  many  of  us  to  spell  and  pronounce.  The  majority 
of  these  individuals  came  from  American  families  of  very  recent  mid-European 
extraction,  families  in  which  mid-European  languages  were  even  spoken  in  the 
homes.  It  was  for  this  reason  that  these  individuals  had,  indeed,  been 
selected  by  the  Army  to  perform  intelligence  work--not  that  related  to  the 
interpretation  of  photographs,  but  to  the  interrogation  of  prisoners  of  war. 

For  the  latter  type  of  assignment  it  obviously  was  logical  to  select  individuals 
who  could  speak  the  native  language  of  those  captured.  How,  then,  did  they 
happen  to  end  up,  not  as  language  specialists  in  the  European  Theater  of 
Operations,  but  as  photo  interpreters  in  the  vastly  different  Pacific  Theater 
of  Operations?  By  their  own  testimony  I learnei.  the  answer:  These  particular 
individuals  (i.e.,  many,  but  not  all  of  the  Army  ohoto  interpreters  sent  to  Okinawa) 
were  merely  the  ones  who  had  failed  the  course  to  which  the  Army  originally  had  sent 
them,  viz.,  the  course  in  which  they  were  to  learn  how  to  interrogate  prisoners. 

What  then  should  the  Army  do  with  such  flunkees?  Why  not  keep  them  in  the  "intelli- 
gence specialty"  of  the  Army,  but  make  photo  interpreters  out  of  them  instead-- 
whether  they  could  see  stereo  or  not— indeed  whether  they  could  even  see  or  not — 
let  alone  considering  whether  they  had  any  background  of  training  and  experience 
in  work  related  to  photo  interpretation— or  any  aptitude  for  and/or  interest  in 
such  work.  And  so  this  was  donel 

Partly  because  many  of  these  men  lacked  the  aptitude  and  interest,  they 
availed  themselves  of  opportunities  to  do  something  "more  important  than" 
photo  interpretation.  And  what  could  that  be,  in  the  height  of  battle,  with 
men  on  the  front  lines  desperately  in  need  of  photo  intellignece  support? 

Here  again,  the  answer  is  not  a pleasant  one,  but  one  to  which  I can  attest  -- 
hopefully  with  relevance  to  my  assigned  topic  here  today  --  and  certainly 
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with  great  authority.  The  answer  relates  directly  to  the  policy  then  in 
effect  in  the  Army,  vastly  different  than  that  in  the  Navy,  that  photo 
intelligence  should  be  done  by  six-man  teams,  consisting  of  two  officers 
and  four  enlisted  men,  each  team  being  equipped  with  a vehicle,  its  own 
cameras  and  photo  lab  facilities,  and  perhaps  as  an  afterthought  a pocket 
stereoscope  or  two.  With  these  opportunities  for  distractions  the  result 
would  have  been  quite  predictable.  The  senior  of  the  two  officers  emerged 
as  the  "Commanding  Officer"  and  the  other  as  the  "Executive  Officer" 
and  were  able  to  busy  themselves,  essentially  on  a full  time  basis,  with  the 
task  of  administering  their  vast  command  of  four  enlisted  men.  This  would  at 
least  seen  to  leave  the  four  enlisted  men  unencumbered  to  do  the  photo  inter- 
pretation work,  but,  alas,  the  one  lesson  they  seemed  to  have  learned  at  the 
Army's  photo  interpretation  school  was  that  the  performance  of  "photo  intelligence" 
work  can  be  so  vital  to  the  success  of  the  operation  that  only  officers  should 
be  entrusted  with  this  heavy  responsibility.  What,  then,  did  this  leave  as  the 
responsibility  of  these  four  enlisted  men?  Again  the  answer  was  so  predictable 
that  it  should  have  been  perceived  even  when  the  Army  was  developing  this 
concept:  These  enlisted  men  should,  of  course,  tend  to  the  needs  of  the 
Commanding  Officer  and  the  Executive  Officer,  especially  in  making  sure  that 
the  vehicle,  the  cameras,  and  the  photo  lab  facilities  were  always  available. 

If,  some  33  years  later,  I seem  unduly  exercised  about  this  situation, 

I should  explain  exactly  why:  Many  a brave  American  soldier  who  would  still 
be  enjoying  life  today  was  buried  beneath  the  sod  at  Okinawa  in  1945  because 
deficiencies  in  photo  intelligence  led  directly  to  his  death  --  and  I am  prepared 
to  stake  whatever  reputation  I may  have  as  a two-star  Admiral  on  that  unpleasant 
assertion. 
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Surely  this  sordid  tale  must  have  a happy  ending.  After  all,  history 
shows  that  the  Orleans  won  the  Okinawa  campaign  and  that  at  the  end  of 
it  Colwell  received  a "citation"  from  the  4-star  Commanding  General  for 
"bringing  photo  intelligence  to  a level  heretofore  unattained."  But  to 
this  day  I am  plagued  by  the  ambiguity  of  that  particular  episode  for  two 
reasons:  (1)  After  all,  while  a "citation"  can  be  for  a good  performance, 

more  conmonly  it  is  for  a poor  performance  (and  I have  received  a few  traf- 
fie  citations  in  my  day  to  prove  it),  and  (2)  the  Commanding  General  never 
really  did  say  whether  the  "level  heretofore  unattained"  to  which  I allegedly 
had  brought  photo  intelligence  during  the  Oionawa  campaign  represented  a new 

high  or  a new  low. 

And  what  does  this  ill-tempered  discourse  have  to  do  with  "where  we  are 
and  whither  we  are  trending"  in  remote  sensing  today?  Perhaps  nothing  - and 
perhaps  everything  - depending  on  whether  this  kind  of  history  is  likely  to 
repeat  itself.  In  my  opinion,  it  is  indeed  repeating  itself  in  many  of  these 
unsavory  aspects  here  and  now.  So  if  you  will  allow  me  just  one  more  unpleas- 
ant paragraph  while  I am  in  this  foul  mood  I will  tell  you  why  I draw  this 
conclusicn,  after  which  I will  get  on  to  some  concluding  pleasantries,  of 
which  there  are  many. 

Unless  my  20-20  vision  as  applied  both  to  hindsight  and  to  foresight  has 
failed  me  recently.  I perceive  some  remarkably  similar  problems  that  are  even 
now  building  up  around  photo  interpreters  (or  remote  sensing  scientists,  if 
you  will).  These  problems  pertain  to  empires  to  be  built,  rights  to  be 
protected,  promotions  to  be  achieved,  grievances  to  be  adjudicated.  "Let- 
George-do-it"  attitudes  to  be  perpetuated  and  debilitating  or,  at  the  very 


least,  distracting  “fun  and  games"  to  be  enjoyed  — all  with  little  regard  to 
whether  the  real  job  of  satisfying  the  user's  needs  for  remote  sensing-derived 
Information  gets  done  or  not. 

To  the  extent  that  these  problems  are  building  up,  history  tells  us 
that  we  should  make  vigorous  efforts  to  solve  them.  The  rationale  for  so 
doing,  was  perhaps  best  expressed  by  the  famous  poet-philosopher,  Santellena, 
when  he  said:  "Those  who  cannot  remember  the  past  are  condemned  to  repeat  It." 

It  Is  for  that  reason  only  that  I have  dwelt  at  such  length  on  Okinawa  as  one 
specific,  and  I hope  highly  relevant  Instance  of  an  episode  from  the  past  that 
Is  well  worth  our  remembering  and  learning  from. 

Before  we  conclude  this  section,  we  should  emphasize  that  there  Is  a far 
less  negative  way  of  viewing  the  past  than  has  pervaded  much  of  the  foregoing 
discussion.  In  fact,  the  following  might  be  considered  as  a parallel  statement 
to  Santellena's,  except  It  1s  one  which  quite  properly  accentuates  the  positive 
rather  than  the  negative  In  relation  to  the  many  historical  developments  that 
have  brought  remote  sensing  to  the  status  that  it  enjoys  today:  "Those  who 

can  remember  the  past  can  exult  in  It  and  build  upon  it."  Rather  than  feeling 
condemned  to  repeat  the  past,  we  should  find  it  a great  deal  more  uplifting  and 
challenging  to  strive  for  as  much  progress  in  the  next  quarter  century  as  has 
been  achieved  in  the  most  recent  one.  Justification  for  this  positive  outlook 
will  be  found  in  the  remainder  of  this  paper. 

Let  us  now  attempt  to  summarize  what  we  might  conclude  from  this  section 
with  respect  to  the  role  of  education  to  date  in  the  development  of  remote 
sensing; 

(1)  Prior  to  World  War  II,  training  in  photo  interpretation  and  related 
fields  was  minimal  and  mostly  of  the  "on-the-job"  type,  rather  than  as 
formal  classroom  Instruction; 
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(2)  Much  of  the  training  that  was  given,  whether  In  military  organizations 
or  by  private  comoanles.  was  of  a confidential  type,  designed  more  to  reserve 
the  technology  for  Internal  use  than  to  promote  Its  broad  acceptance: 

(3)  Partly  In  consequence  of  the  above  two  factors  there  was  little  Incentive 
for  textbooks  to  be  written,  so  such  books  were  few  and  for  the  most  part, 
Inadequate  for  use  In  the  college  classroom; 

(4)  During  World  War  II  large  nunbers  of  reservists,  both  In  this  country 
and  elsewhere,  received  formal  training  In  photo  Interpretation  and  abundant 
opportunity  to  put  that  training  Immediately  Into  practice; 

(5)  For  several  reasons,  a policy  of  the  type  employed  by  the  U.S.  Naval 
Reserve  during  that  period  was  vastly  superior  to  that  employed  by  the  U.S. 
Army  Reserve,  and  had  a far  more  significant  Impact  on  the  post-war  develop- 
ment and  acceptance  of  remote  sensing  technology  by  civilian  agencies. 
Specifically:  (a)  the  Navy  realized  that  the  photo  Interpretation  selectee 
should  come  from  a background  of  training  and  experience  in  some  field 

such  as  forestry,  geology  or  engineering, that  used  maps  which  were  analagous 
to  the  aerial  view  dealt  with  In  military  photo  Interpretation;  (b)  as  a 
corollary,  each  such  trainee  was  sufficiently  qualified  to  be  directly 
commissioned  as  an  officer,  with  the  understanding  from  the  outset  that  pri- 
marily he  was  to  do  highly  professional  work  In  his  photo  Interpretation 
specialty  rather  than  to  exercise  distracting  “conmand  responsibilities." 

(6)  Following  World  War  II,  vast  numbers  of  these  reservists,  upon  re- 
turning to  civilian  life,  became  educators,  textbook  writers  and  practition- 
ers and  thus  played  a primary  role  In  the  development  of  the  present  much 
more  sophisticated  technology  known  as  "remote  sensing." 
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Other  factors  of  historical  significance  might  well  be  Included  In  this 
section,  dealing  as  It  does  In  the  development  of  remote  sensing  technology. 
However,  these  additional  factors  appear  In  the  section  that  Immediately  follows 
this  one  because  they  are  best  Incorporated  In  n\y  answers  to  certain  specific 
questions  that  I was  told  should  be  highlighted  In  this  paper. 
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IV.  A DISCUSSION  OF  SONE  PRESCRIBED  QUESTIONS 


One  question  to  which  I was  asked  to  address  myself  In  this  paper  Is  this: 
Was  the  progress  made  with  respect  to  the  development  of  photography,  and  photo 
Interpretation  In  the  first  100  years  (I.e.  from  about  1840  to  1940)  too  slow? 
The  rather  detailed  historical  account  which  has  been  given  In  earlier  parts 
of  this  paper  provides  us  with  a basis  for  answering  thst  question.  Relevant 
factors  bearing  on  the  question  Include  the  following: 

' 1.  As  compared  with  the  present  time,  there  were  only  a very  few  scientists 
of  any  kind  during  the  century  In  question.  In  fact,  It  Is  reported  that 
there  are  more  scientists  alive  and  at  work  today  than  have  lived  and  died 
In  all  previous  periods  of  the  world’s  history  combined. 

2.  Of  that  limited  number  of  scientists,  only  a few  few  were  engaged 
In  photography-related  work. 

3.  Communications  among  scientists  were  much  more  difficult  to  achieve 
then  than  now,  with  the  result  that  a pooling  of  research  findings  was  much 
more  difficult  to  achieve,  and 

4.  The  development  of  photography  depended  only  partly  on  the  planning 
and  conducting  of  well  ordered  scientific  experiments.  The  history  that 

has  Just  been  reviewed  alludes  to  a few  of  the  many  chance  discoveries  that  were 
made  --  often  as  a by-product  of  other  somewhat  unrelated  research.  That 
history  also  shows  that  a photographic  capability  might  not  have  been  developed 
even  yet,  were  It  not  for  some  happy  coincidences  of  physics  and  chemistry, 
particularly  with  respect  to  the  trw.chlng  of  what  scientists  in  these  fields 
refer  to  as  'energy  levels."  In  speaking  of  such  coincidences.  Tarklngton 
of  Eastman  Kodak  Company  (Ref.  16),  when  slightly  paraphrased,  says  the 
following: 

"A  quick  review  of  the  energy  levels  existing  In  latent-image  formation 
and  development  will  serve  to  emphasize  the  uniqueness  of  the  process.  First, 
there  must  be  an  empty  conduction  band  In  the  crystal  lattice  at  the  right 
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enerqy  Uvtl  above  the  filled  bend  such  that  a photon  (traveling  at  the  speed 
of  approximately  186, (K)0  iiilles  per  second)  can  Just  raise  an  electron  from  the 
lower  energy  level  to  the  upper.  Then  there  mutt  be  a 'sensitivity  speck' 

(silver  sulfide,  for  Instance)  at  Just  the  right  energy  level  to  trap  this  free* 
roaming  electron  from  the  conduction  band  of  the  crystal,  but  not  accept  any 
electrons  from  the  developing  agent  later.  Otherwise,  all  crystals  would  develop 
and  no  Image  would  result.  The  next  rectulrement  It  that  some  silver  Ions  In 
the  crystal  be  mobile  and  migrate  to  the  electron  on  the  sensitivity  speck, 

(the  electron  being  obtainable  only  from  the  same  crystal)  and  form  a silver 
atom  In  situ.  Finally  this  event,  plus  a few  more  similar  ones,  must  change 
the  energy  level  of  the  sensitivity  speck  by  a suitable  amount  so  that  It  now 
will  accept  electrons  from  the  developer  and  so  reduce  the  properly  exposed 
crystal  of  silver  halide  to  sliver.  Statistically,  It  appears  that  these 
events  comprise  a set  of  unique  phenomena  and  that  It  Is  quite  remarkable  that 
these  exact  energy  levels  and  energy-level  differences  In  the  silver  halide 
crystals  match  those  of  certain  chemical  reducing  agents.  Because  of  this 
remarlable  matching,  it  is  now  possible  for  the  amplification  to  be  on  the 
order  cf  a billion  times,  when  compared  to  the  number  of  photons  required  to 
produce  a latent  Image.  Furthermore,  the  technological  processes  that  apply 
these  principles  In  order  to  provide  practical,  convenient  methods  of  recording 
radiant  energy,  are  no  less  remarkable.  For  photography  to  be  a success,  the 
silver  halide  crystals  must  be  (1)  made  by  the  millions  In  a suitable  matrix; 

(2)  modified  by  physical  and  chemical  operations  to  provide  specified  character- 
istics; and  (3)  coated  In  a layer  sometimes  only  0.00001  inch  thick,  up 
to  so  inc.'ies  wide  and  several  miles  long,  with  the  thinness  being  controlled 
to  0.000003  Inch  for  this  vast  ares.  This  must  be  done  in  order  to  produce 
a radiant  energy-recordi ng  system  that  (1)  yields,  to  a specified  level  and  type 
of  radiant  energy,  the  same  results  in  any  square  millimeter  of  its  matrix  or 
of  the  matrix  of  a similar  material  made  a year  hence  and  (2)  possesses  the 
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sensitivity,  Imsge  quality  and  response  to  Intensity  varlaticn  required  for 
the  Intended  application." 

Tarkington,  one  of  the  most  knowledgeable  scientists  In  the  field  of 
photography  concluded  his  discourse  with  this  "gce*wh1z"  type  of  statenient.’ 

"It  Is  no  wonder  that  photography  could  not  have  been  predicted  from  a 
consideration  of  the  scientific  principles  Involved,  It  had  to  be  'discovered' 
or  'Invented'." 

Since  science  has  not  yet  found  a way  to  program  lucky  "break*throughs," 
we  can  only  conclude  from  the  above  that  we  would  be  Ill-advised  to  assert 
that  progress  in  the  development  of  photography  was  Inordinately  slow. 

A related  question  to  which  I was  asked  to  address  myself  Is  this: 

Has  the  progress  been  too  slow  In  transferring  modern  remote  sensing  technology 
to  potential  users  of  It?  In  order  to  provide  an  adequate  answer  to  this 
question,  we  need  to  agree  on  som#  measure  relative  to  the  term,  "technology 
tr.'nsfer,"  Perhaps  the  best  measure  Is  that  provided  by  Hoos  et  al  (Ref.  17) 
which,  again  somewhat  paraphrased  Is  as  follows: 

"The  transfer  of  a technology  (such  as  remote  sensing)  can  be  considered 
as  having  been  completed  only  when  that  technology,  being  readily  available  in 
the  marketplace,  becomes  generally  accepted  practice  by  the  user  agency,  and 
when  the  chief  officer  of  that  agency,  upon  routinely  assessing  all  available 
technologies,  decrees  that  the  one  in  question  is  the  one  that  shall  be  used." 

As  Implied  by  the  above  statement,  remote  sensing  technology  will  not 
transfer  itself.  Instead,  there  is  commonly  a five-stage  "adcptive  p'^ocess" 
by  which  this  new  technology  Is  perceived.  Internalized  and  used:  (1)  awa-eness 

(?)  interest  (3)  evaluation  (4)  trial  and  (5)  adoption.  Since  this  process 
may  take  years,  there  frequently  are  problems  in  maintaining  the  necessary 
momentum,  especially  when  there  commonly  are  disruptions  in  personnel  and 
Support  along  the  way  that  can  undermine  both  credibility  and  morale.  And  even 
after  renote  sensing  technolooy  has  been  artnnted,  still  m»y  take  years  before 


this  new  technology  will  begin  to  bear  fruit. 

In  addition,  the  following  pitfalls  are  likely  to  be  encountered:  (1)  Over- 

sel 1 , (resulting  in  the  raising  of  user  expectations  to  levels  beyond  what 
current  capabilities  can  deliver);  (2)  Overkill  (as  when  the  user  is  urged  to 
use  elaborate  techniques  of  computer  assisted  analysis  even  when  the  desired 
information  could  have  been  derived  quite  adequately  through  the  use  of  simple, 
inexpensive,  and  more  readily  understood  manual  interpretation  techniques); 

(3)  Undertraining  (most  commonly  exemplified  when  a no. 'ce  who  has  just 
completed  an  "appreciation"  course  in  remote  sensing  is  required  to  plunge 
directly  into  the  demanding  tasks  that  are  involved  in  making  operational  use 
of  modern  remote  sensing  technology);  (4)  Underinvolvemcnt  (as  when  the  user 
agency,  plagued  by  a lack  of  qualified  and/or  motivated  personnel,  turns 
over  the  bulk  of  the  work  to  consultants  or  others  who  lack  familiarity  with 
the  user  agency's  resource  problems,  information  needs,  and  perhaps  even 
with  the  resource  Itself);  (5)  Spurious  Evaluation  (as  when  the  user  agency, 
forced  by  higher  authority  or  others  into  a "rush  to  judgment"  produces 
premature,  incomplete,  incestually  validated,  and  usually  overly  optimistic 
appraisals),  and  (6)  Misapplication  (resulting  in  part  from  the  sheer  glamour 
of  the  shiny  new  tool  known  as  remote  se.nsing,  and  perhaps  best  metaphor i zed 
by  the  saying,  "give  a small  boy  a hammer,  and  he  soon  discovers  that  everything 
needs  pounding"). 

In  light  of  the  foregoing,  let  us  now  reword  the  previous  question  to  read: 
"To  what  extent  are  the  potential  users  of  modern  remote  sensing  technology 

W 

actually  accepting  it?  Since  it  should  be  clear  from  the  preceding  discussion 
that  state  and  local  resource  managers  require  more  than  a few  years  to 
adapt,  to  their  specific  needs,a  technology  as  complex  as  remote  sensing,  our 
overall  conclusion  is  that  progress  is  being  made  at  a rate  about  as  rapid 
as  might  have  been  anticipated  or  rightfully  expected.  Furthermore,  we  believe 
that  the  most  substantial  progress  is  made  in  those  remote  sensing-related 
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projects  that  involve  the  potential  users  (i.e.  the  resource  managers,  themselves) 
throughout  the  entire  process.  Typical  of  the  warnings  that  we  have  been  given 
in  this  matter  is  the  following  excerpt  from  the  previously  mentioned  report  by 
Hoos,  et  al.  (Ref.  17): 

“Most  potential  users  of  remote  sensing  technology  are  simply  umnoved  by 
paper-and-pencil  evaluation  games.  They  recognize  that  externally  prepared 
benefit-cost  ratios  exclude  many  of  the  considerations  most  important  to  them. 

They  see  impacts  on  their  own  decision  processes,  job  security,  and  organ- 
izational behavior  being  overlooked  and  obscured  behind  voluminous  but  vacuous 
evaluative  reports.  The  result  for  the  technology  developers  is  often  an 
evaluative  "boomerang  effect'  in  which  users  perform  their  own  subjective 
assessments  and  conclude,  for  various  reasons,  that  fruits  from  the  technology 
are  not  worth  their  price." 

No  doubt  each  of  the  educators  attending  this  conference  is  interested 
in  conducting  training  programs  which  will  not  only  impart  information 
to  a few  more  students,  but  provide  some  genuine  assistance  toward  the  goal 
of  achieving  the  acceptance  of  modern  remote  sensing  technology  by  resource 
managers.  It  therefore  is  appropriate  to  raise  the  question  in  this  history- 
oriented  paper  of  mine  as  to  whether  there  are  lessons  to  be  learned  from  past 
experiences  in  this  kind  of  endeavor. 

Indeed  there  are,  both  in  relation  to  the  kind  of  training  that  is  given 
and  to  whom. 

With  respect  to  the  type  of  training,  the  following  items  are  worthy  of 
consideration: 

1.  Each  trainee  who  is  not  already  familiar  with  remote  sensing  could 
prof.v  by  some  training  in  the  basics  of  remote  sensing,  including  the  geometry 
of  imagery,  the  basic  matter  and  energy  relationships  that  are  involved  in  the 
formation  of  that  imagery,  and  the  kinds  of  equipment  and  techniques  that 
can  best  be  used  in  deriving  information  from  it.  A more  adequate  consider- 
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ation  of  this  topic  falls  within  the  purview  of  other  papers  that  are  to  be 
presented  at  this  conference.  Suffice  it  here  to  say  that  history  shows  us  that 
despite  the  foregoing  tribute  to  training,  we  can  quickly  reach  the  point  of 
diminishing  returns  in  presenting  remote  sensing  merely  in  the  form  of 
formal  classroom  instruction.  While  much  more  may  still  need  to  be  learned 
after  the  student  has  taken  the  equivalent,  say,  of  a single  4-unit  college 
level  course  in  remote  sensing  (complete  with  laboratory  exercises  that  entail 
his  working  on  practical  image  analysis  problems),  most  of  the  remainder  may 
be  far  better  learned  by  his  conducting  remote  sensing  research  (ideally  within 
the  framework  of  the  university  and  under  the  guidance  of  a professor  who  is 
a competent  principal  investigator  for  the  directing  of  his  activities).  Addition- 
ally, the  trainee  should  be  given  practical  experience  in  the  field  in  using 
these  remote  sensing  techniques  in  an  operational  manner. 

One  of  the  better  ways  in  which  to  ensure  that  the  bridge  is  built  between 
classroom  studies  and  operational  activities  is  as  follows.  The  student, 
by  prior  arrangement,  brings  with  him  to  the  remote  sensing  lecture  and 
laboratory  sessions,  some  examples  of  imagery  of  an  area  in  which  he  either  has, 
or  is  likely  to  have,  an  operational  interest.  Then,  before  he  finishes  the 
course,  he  is  obliged  to  apply  what  he  has  learned  to  an  analysis  of  the  imagery 
that  he  has  in  hand,  so  that  he  will  be  motivated  to  field  check  the  accuracy 
of  his  interpretations  and  prepare  a statement  as  to  the  usefulness  and  limit- 
ations of  modern  remote  sensing  techniques  in  relation  to  the  problems  that 
are  of  immediate  practical  concern  to  him.  This  can  be  a far  more  educational 
activity  than  if  he  were  to  devote  the  same  amount  of  time  and  effort  to  the 
taking  of  some  "advanced"  course  in  remote  sensing,  within  the  confines  of 
the  university's  ivy-clad  buildings. 

The  individual  who  conducts  remote  sensing  research  with  some  soecific  user 
in  mind  is  likely  to  develou  a great  personal  interest  in,  and  learn  a great  deal 
about,  remote  sensing  technology  acceptance.  The  researcher  should  avail  himself 
of  such  a tie  with  a potential  user  whenever  feasible. 
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A single  example  which  continues  to  be  of  great  significance 
in  relation  to  the  role  of  training  and  research  in  bringing  about  technology 
acceptance  will  now  be  given.  The  example  Is  one  in  which  we  will  compare 
the  approach  that  was  used  during  the  1960's  by  two  of  our  federal  government 
agencies  that  potentially  are  among  the  most  important  users  of  modern  remote 
sensing  technology,  viz.,  the  U.S.  Department  of  Agriculture  and  the  U.S. 
Department  of  Interior.  Both  of  these  Departments  were  allocated  large  sums 
of  money  during  the  1960's  for  use  in  conducting  investigations  on  the  useful- 
ness to  them  of  modern  remote  sensing.  The  Departonent  of  Agriculture,  in  its 
enthusiasm  for  obtaining  the  highest  quality  of  research,  spent  most  of  its 
appropriations  in  the  funding  of  remote  sensing  research  scientists  of 
various  universities  to  do  the  work.  On  the  other  hand,  the  Department  of 
Interior  placed  greater  emphasis  on  the  use  of  its  appropriations  for  the 
"in-house"  pe»*formance  of  such  work.  There  now  seems  to  be  general  agreement 
as  to  the  strengths  and  weaknesses  of  these  two  approaches.  Specifically, 
it  is  agreed  that  (1)  by  and  large  the  best  research  was  done  by  University 
scientists,  mostly  with  funding  by  the  Department  of  Agriculture;  and  (2)  by 
and  large  the  best  within-the-department  acceptance  of  remote  sensing  technology 
was  in  the  Department  of  Interior,  primarily  because  of  the  greater  top-to-bottom 
interest  that  was  generated  by  the  more  highly  visible  "in-house"  research  that 
was  conducted  by  that  Department.  The  consequences  of  these  two  different 
approaches  are  still  being  felt  within  the  United  States  and  probably  will  be 
for  many  years  to  come.  For  example,  it  was  essentially  a "no-contest"  situation 
when  the  time  came  for  constructing  a large  remote  sensing  data  center  in  the 
United  States.  Administrators  within  the  Department  of  Interior  were  appreciative 
of  the  importance  of  remote  sensing  and  vigorously  proposed  that  the  Department 
of  Interior  take  the  lead  in  the  establishment  and  operation  of  such  a center. 
Administrators  within  the  Department  of  Agriculture  were  understandably  less 
familiar  with  the  importance  of  remote  sensing  because  so  little  of  their  work 
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had  been  done  "in-house"  where  they  could  be  constantly  reminded  as  to  both 
the  existence  of,  and  progress  being  made  on,  that  research.  At  the  present 
time,  there  appears  to  be  quite  general  agreement  that  the  modus  operand! 
that  was  employed  by  the  Department  of  Interior  was  preferable  to  that  employed 
by  the  Department  of  Agriculture,  particularly  when  measured  in  terms  of  progress 
achieved  toward  the  goal  of  "technology  acceptance"  by  the  user  agencies. 

The  net  effect  of  these  two  policies,  in  its  most  visible  form,  is  the  EROS 
Data  Center  of  the  L'.S.  Department  of  Interior.  There  is  no  counterpart  to 
that  center  within  the  Department  of  Agriculture. 

But  let  us  be  sure  that  we  relate  this  specific  example  to  the  considerations 
of  technology  acceptance  under  whose  mast-head  it  was  introduced.  As  suggested 
by  its  very  name,  the  Earth  Resources  Observation  System,  on  which  the  EROS 
Data  Center  is  based,  is  not  primarily  for  "interior"  use,  but  for  global  use. 

In  fact,  the  most  important  products  that  are  likely  to  be  derivable  soon  from 
that  system  are  globally  unifonn  inventories  of  agricultural  crops  --  certainly 
such  inventories  are  of  vital  concern  to  our  U.S.  Department  of  Agriculture, 
and  awareness  of  this  fact  pre-dates  by  many  years  the  decision  as  to  what  agency 
should  operate  an  EROS  Data  Center.  So  why  is  the  Department  of  Agriculture  even 
to  this  day  so  little  involved  in  the  Center?  In  my  opinion,  it  is  essen'i-iany 
because  of  the  relatively  slow  rate  at  which  interest  in,  and  acceptance  of  modern 
remote  sensing  technology  has  come  about  within  that  department  --  as  compared 
to  the  Department  of  Interior  --  and  this  in  turn  is  primarily  because  of  the  fact 
tiiat  in  Interior,  remote  sensing  developmental  work  was  done  mainly  "in-house" 
while  in  Agriculture,  such  work  was  done  primarily  via  the  "out-house"  route. 

The  perogative  of  an  "elder  statesman"  in  any  field,  allegedly,  is  to  call 
the  shots  as  he  sees  them,  apparently  on  the  presumption  that  (a)  he  has  infallible 
insights  that  come  only  from  his  years  of  close  association  with  that  field  and 
(b)  at  such  a late  stage  in  his  career,  what  is  there  to  lost  if  he  disenchants 
certain  individuals  or  groups  through  the  making  of  profound,  dogmatic  and 
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occasionally  even  unwarranted  pronouncements  and  generalizations?  I have 
been  led  to  believe  that  I would  not  have  fulfilled  my  responsibilities  as 
the  keynote  speaker  for  this  week-long  conference  of  Remote  Sensing  Educators 
had  I not  made  a few  such  pronouncements  and  generalizations.  For  those  who 
disagree  with  me,  there  will  be  an^le  opportunity  to  rebut  iny  renarks  during 
the  workshop  sessions  that  are  scheduled  for  the  next  several  days,  and  also 
to  insert  any  such  rebuttal  In  the  published  proceedings  of  our  week-long  con- 
ference. 
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V.  THE  PROBABLE  FUTURE  OF  REMOTE  SENSING  TECHNOLOGY  AND  TRAINING 


It  is  deemed  quite  appropriate  to  conclude  any  historical  review, 

(as  this  purports  to  be)  with  a look  to  the  future.  What  then  will  be  the 
probable  future  of  remote  sensing  technology  and  training?  For  one  to 
provide  a reliable  answer  to  that  question,  especially  with  respect  to  a field 
that  1s  as  dynamic  as  remote  sensing,  requires  that  he  have  something  more  than 
mere  20/20  vision  while  gazing  Into  a crystal  ball.  Realization  of  that  fact 
does  not  deter  me,  however,  from  making  some  dogmatic  predictions.  Instead, 

I feel  much  like  iny  timber  simple  friend  from  the  backwoods  must  have  felt 
when  he  was  asked  a similar  brow-furrowing  question  recently.  His  confident 
answer,  after  some  careful  reflection,  was  as  follows:  "Well,  I don't  know-- 
but  rn  tell  yal"  Here  then  are  some  probable  developments  of  the  next 
few  years  with  respect  to  remote  sensing  technology  and  training; 

A.  There  will  be  Very  Substantial  Progress  Toward  the  Development 
of  a Globally  Uniform  Information  System,  Based  Primarily  Upon  Remote 
Sensing-Derived  Data. 

We  all  are  well  aware  that  the  rapid  increase  in  both  the  world's 
population  and  the  per  capita  demand  for  natural  resources  is  occurring  at 
the  very  time  when  the  supply  of  many  of  these  resources  is  rapidly  dwindling 
and  the  quality  of  others  is  rapidly  deteriorating.  Consistent  with  the 
"one  world"  concept,  this  combination  of  factors  creates  an  urgent  need  for 
the  wisest  possible  management  of  such  resources  on  a global  basis.  An 
important  first  step  leading  to  such  management  is  that  of  obtaining  globally 
uniform  inventories  of  resources.  This  step  can  best  be  taken  if  a globally 
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uniform  look  at  these  resources  can  be  obtained  at  suitably  high  resolution, 
as  with  an  earth-orbiting  satellite,  and  at  suitably  frequent  intervals. 

Herein  lies  a renarkably  accurate  description  of  the  look  that  is  provided 
by  remote  sensing  devices  that  are  on  board  the  present  Landsat  and  Seasat 
vehicles.  Improvements  in  their  ranote  sensing  packages,  as  already 
scheduled  for  future  generations  of  these  vehicles,  will  make  it  all  the 
nKjre  feasible  to  acquire  globally  uniform  resource  inventories  through 
analysis  of  the  remote  sensing  data  acquired  by  than. 

Some  advocates  of  a globally  uniform  resources  information  system 
have  singled  out  agriculture  as  the  field  in  which  the  greatest  benefits 
might  be  derived.  They  .Jok  forward  to  the  time  when  crop  forecasting  will 
have  progressed  sufficiently  to  pennit  a determination  to  be  made,  well  in 
advance,  that  the  northern  hemisphere  in  some  particular  year  is  about  to 
produce  an  over-abundance  of  oats,  for  example,  but  a serious  dearth  of 
wheat.  Areas  in  the  southern  hemisphere  that  are  capable  of  producing  small 
grains  are,  of  course,  approximately  six  months  out  of  phase  with  the  grain- 
producing  areas  of  the  northern  hemisphere.  Hence  the  above  information 
should  be  available  at  exactly  the  opportune  time,  so  that  grain  growers 
in  the  southern  hemisphere  could  be  encouraged,  in  the  instance  cited  above, 
to  plant  much  more  wheat  and  much  less  oats  than  they  had  intended,  the  better 
to  balance  out  the  global  production,  that  year,  of  these  two  highly  important 
crops.  This  is  but  one  example  of  the  potential  improvanent  in  the  global 
management'  of  natural  resources  likely  to  result  from  more  uniform  and  more 
timely  inventories  of  those  resources. 
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B . There  will  be  a Very  Appreciable  deduction  in  the  Presently 
Intolerable  Delay  Between  Data  Acquisition  by  Remote  Seiisincj  Satenitos 
and  the  Supply  to  Users  of  Needed  Information  Derivable  from  Such  Data. 

In  a companion  paper  to  this  one  (Ref,  18  ) a tabulation  appears  that 
first  indicates  the  frequency  with  which  various  kinds  of  infonnation  about 
resources  should  be  made  available  to  users  and  then  introduces  the  concept 
of  "half-life"  in  relation  to  that  frequency.  In  so  doing,  the  paper 
emphasises  that  just  as,  in  radiological  research,  the  usefulness  of  an 
experimenter's  radioactive  isotope  "decays"  in  conformity  with  that  isotope's 
half-life,  so  the  usefulness  of  a resource  manager's  infonnation  decays  in 
conformity  with  a similar  half-life  concept.  In  the  case  of  the  resource 
manager,  however,  the  half-life  is  based  at  least  in  part  on  how  frequently 
a given  type  of  information  is  needed  by  him.  While  the  analogy  is  by  no 
means  perfect,  it  serves  to  highlight  the  importance  of  minimizing  the  delay 
between  the  time  when  remote  sensing  data  is  acquired  and  when  it  has  been 
"reduced"  to  information  that  can  be  used  by  the  resource  manager. 

C • Great  Progress  will  be  Made  with  Respect  to  the  "Compression" 
of  Remote  Sensing  _D^a_. 

Judging  from  plans  that  are  even  now  developing  within  NASA  and 
elsewhere,  remote  sensing  from  spacecraft  in  the  future  will  entail  higher 
spatial  resolution,  more  spectral  bands  and  more  frequent  coverage.  The 
price  to  be  paid  for  all  of  this  is  more  bits  of  data  to  be  telemetered 
from  satellites  to  receiving  stations  on  the  ground--unl ess  onboard  computers 
will  do  much  of  the  analysis  that  otherwise  would  be  done  on  the  ground.  In 
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that  event,  only  the  results  of  the  analysis,  rather  than  the  initial 
remote  sensing  data,  would  need  to  be  telemetered  to  the  ground,  and  a 
much  needed  form  of  "data  compression"  would  have  been  achieved. 

The  extent  to  which  data  compression  of  this  type  might  conceivably 
be  implemented  is  most  clearly  seen  when  we  consider  that  the  wise  manage- 
ment of  earth  resources  usually  entails  a three-step  process:  inventory, 

analysis,  and  operations. 

In  the  inventory  step  a determination  is  made  as  to  the  amount  and 
quality  of  each  type  of  earth  resource  'hat  is  present  in  each  portion  of 
the  area  to  be  managed.  In  the  analysis  step,  certain  management  decisions 
are  made  with  respect  to  these  resources.  This  is  accomplished  for  each 
portion  of  the  area  by  considering,  on  the  one  hand,  the  nature  of  its 
resources  (as  previously  established  in  the  inventory  phase)  and,  on  the 
other  hand,  the  "cost-effectiveness"  of  each  management  alternative  that 
might  be  exercised  with  respect  to  these  resources.  In  the  operations  step, 
the  resource  manager  implements  each  decision  that  has  been  made  in  the 
analysis  phase  (e.g.,  the  decision  to  apply  irrigation  water  to  a crop  that 
needs  it,  or  to  cut  only  the  overly  mature  trees  in  a certain  portion  of  the 
forest  area,  or  to  practice  "deferred  rotation  grazing"  in  certain  parts 
of  a rangeland  area ) . 

With  respect  to  our  maximizing  data  compression  on  board  a remote 
sensing  satellite  we  can  foresee  the  possibility  that  the  technique  will  evolve 
into  a highly  automatic  operation,  in  wliich  the  unmanned  satellite  orbiting 
the  earth  will  carry  multiband  sensing  equipment  togcLrier  with  a computer. 
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Thus  equipped  the  satellite  could,  for  any  particular  area,  take  inventory 
of  the  resources  and  produce  a printout  that  would  amount  to  a resource 
map  of  the  area.  The  computer  could  then  use  this  Inventory  data  in  conjunc- 
tion with  preprograniited  factors  (such  as  what  ratio  of  costs  to  benefits  that 
would  be  likely  to  result  from  various  resource  management  practices)  and 
could  reach  a decision  for  the  optimum  management  of  the  resources  in  the 
area.  The  decision  would  be  telemetered  to  the  ground  for  whatever  action 
seemed  necessary. 

As  a simple  example,  the  satellite's  sensors  might  spot  a fire  in 
a large  forest.  Its  computer  might  then  derive  infonnation  on  the  location 
and  extent  of  the  fire  and  could  assess  such  factors  as  the  type  and  value 
of  the  timber,  the  direction  and  speed  of  the  wind  and  the  means  of  access 
to  the  fire.  On  the  basis  of  the  assessment  the  computer  would  send  to  the 
ground  a recommendation  for  combating  the  fire. 

Capabilities  of  this  kind  need  not  be  limited  to  emergencies.  Many 
routine  housekeeping  chores  now  done  manually  by  the  resource  manager  could 
be  made  automatic  by  electronic  coniiund  signals.  Examples  might  include 
turning  on  an  irrigation  valve  when  remote  sensing  shows  that  a field  is 
becoming  too  dry  and  turning  off  the  valve  when,  a few  orbits  later,  the 
satellite  ascertains  that  the  field  has  been  sufficiently  watered. 

A satellite  of  such  capabilities  may  seem  now  to  be  a far  distant 
prospect.  After  a few  more  years  of  developing  the  tcctmigues  for  remote 
sensing  the  prospect  may  well  have  become  a reality,  in  which  case  data 
compression  will  have  been  developed  to  the  ultimate. 


0 . Great  Progress  will  be  Made  In  an  Area  of  Remote  Sensing  Data 
Reduction  that  Is  Known  as  "Change  Detection". 

Consistent  with  the  previously  mentioned  “half-life"  concept,  the 
period  over  which  the  change  that  Is  of  Interest  might  have  occurred  may 
range  from  a few  seconds  to  many  years— from  the  detection  and  analysis  of 
various  kinds  of  "nrovlng  objects"  (livestock  for  example)  to  the  detection 
and  analysis  of  various  kinds  of  plant  succession.  With  respect  to  the  latter, 
It  Is  Instructive  for  us  to  reflect  upon  the  amount  that  could  be  added  to 
our  present  understanding  of  plant  succession  If  only  there  were  globally 
uniform  data  available,  of  the  Landsat  and  ”h1gh-f light"  types,  that  had 
been  acquired  at  suitable  intervals  during  the  past  100  years  or  so.  Remote 
sensing  scientists  of  the  future  are  certain  to  look  back  at  one  highly 

significant  benchmark  period,  viz.  the  early  1970‘s,  when  for  the  first  time 

roost  of  the  globe  was  systematically  covered  by  such  remote  sensing  data. 

Much  of  the  change  detection  and  analysis  of  the  rate  and  direction  of  change 

that  will  be  made  by  future  remote  sensing  scientists  surely  will  hark  back 
to  that  particular  benchmark  period. 

E-  There  will  be  a Very  Significant  Increase  in  the  Amount  of  High- 
Resolution  Remote  Sensing  Data  of  the  Type  Now  Being  Acquired  by  Various 
Military  Satellites  that  will  be  Released  and  Made  Available  to  Wonmilitary 

A survey  of  even  the  unclassified  literature  leaves  many  clear 
inferences  that  military  remote  sensing  satellites  can  provide  essentially 
the  same  resolution,  in  terms  of  "ground  resolved  distance"  as  we  are 
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accustomed  to  finding  In  the  conventional  1/20.000  scale  vertical  aerial 
photographs  with  which  most  of  us  have  worked  so  extensively  In  times  past. 
Those  who  have  not  been  privileged  to  work  with  space  photography  of  such 
high  resolution  can  scarcely  envisage  the  extreme  usefulness  of  It  resulting 
from  the  fact  that  a typical  high  resolution  space  photo  covers  more  that 
1000  times  as  much  land  area  as  the  conventional  1/20.000  scale  photo  and 
that  the  synoptic  view  of  so  large  an  area  permits  relationships  of  terrain 
features  to  be  perceived  that  could  scarcely  have  been  appreciated  from  the 
piecing  together  of  so  many  photos  of  the  conventional  type. 

F.  Space  Photography  will  Largely  Replace  "Orthophotography”,  as 
Presently  Produced,  When  the  Need  is  for  a Product  that  Provides  Both  the 
Plan  View  and  a Large  Amount  of  Photographic  Detail. 

Many  features  that  are  of  Interest  to  resource  managers  are  far 
better  appreciated  from  s study  of  photographic  Images  of  those  features 
than  from  a map  which  must  rely  on  the  use  of  conventions!  symbols.  Up  to 
the  present  time,  hoj^ever,  it  often  has  been  recessary  to  eliminate  the 
relief  displacement  that  is  inherent  In  vertical  aerial  photographs  through 
a somewhat  costly  and  t1mo-consumii»g  process  known  as  "ortijophotography". 

The  Intent  here  is  not  *.o  disparage  the  Ingenious  methods  that  have  been 
developed  for  producing  orthophotographs  but  to  predict  that  in  the  near 
future  space  photographs  of  high  resolution  and  low  relief  displacement  will 
largely  replace  orthophotographs 
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G . There  will  be  a Significant  Resurgence  of  Interest  <n  Improving 
the  Ability  of  Humans  to  Extract  Information  from  kciiwte  Sensing  Data  by 
Direct  Visual  Means. 

tt  has  now  been  almost  two  decades  since  the  writing  of  a book 
called  "iTanual  of  Photographic  Interpretation,"  under  auspices  of  the 
American  Society  of  Photogransmetry.  Wore  than  100  experts  In  various  aspects 
of  photo  interpretation  significantly  contributed  to  the  writing  of  that  book. 
In  so  doing,  they  collectively  provided  an  accurate  record  of  what  was  then 
the  "state  of  the  art"  with  respect  to  the  techniques  and  equipment  used  by 
hunans  in  extracting  information  from  remote  sensing  data  by  direct  visual 
means.  But  unless  my  perception  of  developments  in  the  field  of  remote 
sensing  is  grossly  in  error,  there  has  been  exceedingly  lltt’e  development 
during  the  past  two  decades  in  cither  the  equipment  or  the  techniques  used 
by  photo  interpreters.  Nor  has  there  been  any  significant  increase  In  our 
understanding  of  what  makes  a good  photo  Interpreter,  and  therefore  of  the 
factors  that  should  be  considered  In  the  training  and  selection  of  such 
individuals.  For  example,  we  know  essentially  the  same  amount  now  as  we  did 
two  decades  ago  with  respect  to  the  factors  that  govern  the  photo  interpreter's 
visual  mechanism,  his  mental  acuity,  his  susceptibility  to  fatigue  and  the 
consequences  of  fatigue  in  relation  to  the  reliability  of  the  information 
which  the  photo  interpreter  is  able  to  derive.  There  has  been  virtually 
no  further  exploration  during  these  two  decades  of  the  uses  and  limitations 
of  "the  conference  systan"  or  of  "convergence  of  evidence"  as  applied  to  photo 
interpretation,  nor  of  the  use  of  such  aids  as  photo  interpretation  keys, 
sound  recorders,  or  enumerator's  pencils.  Temporarily,  at  least,  these 
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important  aspects  have  been  forgotten  because  of  our  pre-occupation  with 
the  marvels  of  modern  day  remote  sensing,  including  opportunities  for 
computer  analysis  rather  than  human  analysis  of  remote  sensing  data.  Now 
that  most  of  the  cream  appears  to  have  been  skinmed  from  this  new  technology, 
there  almost  certainly  will  be  a renewed  appreciation  of  the  need  to  facili- 
tate the  extraction  of  information  from  remote  sensing  data  by  humans. 

H . There  will  be  Increased  Efforts  to  Define  the  Roles  of  Humans 
and  Machines  as  They  Function  as  a Team  in  the  Derivation  of  Infornation 
from  Remote  Sensing  Data. 

Remote  sensing  scientists  are  beginning  to  acquire  a far  greater 
appreciation  than  heretofore  of  both  the  uses  and  the  limitations  of  machines 
in  relation  to  the  acquisition  and  analysis  of  remote  sensing  data.  One 
encouraging  sign  is  to  be  found  in  the  fact  that  the  machine  analysis  of 
remote  sensing  data  is  rarely  referred  to  any  more  as  "automatic  data 
processing."  Instead  use  is  made  of  the  more  aptly  descriptive  tern:  "Computer 
assisted  analysis." 

The  following  point  is  "key"  to  our  appreciation  of  the  uses  and 
limitations  of  compute,:',  in  the  analysis  of  remote  sensing  data:  If  a 

computer  is  to  provide  meaningful  assistance  in  the  analysis  of  remote  sensing 
data,  usually  the  data  must  be  in  numerical  form.  Alternately  stated,  in  most 
instances  if  the  input  is  rot  in  the  form  of  digits  then,  to  quote  the  robot, 
"it  does  not  compute."  On  the  other  hand  a human,  in  making  his  analysis  of 
remote  sensing  data  relies  not  on  digits  but  on  such  ohoto  image  attributes 
as  size,  shape,  shadow,  tone,  texture,  site,  pattern,  and  association. 


Of  dll  such  attributes,  tone  stands  out  as  the  one  which  can  be  far  more 


easily  and  meaningfully  digitized  than  any  of  the  others. 

Let  us  now,  just  for  a few  moments,  outdo  even  the  most  ardent 
computer  worshippers  by  giving  a heart  and  mind  and  soul  to  the  components 
of  a computer-based  system  designed  for  the  acquisition  and  analysis  of  remote 
sensing  data.  For  example,  let  us  temporarily  dignify  in  this  way  the  remote 
sensing  device  known  as  a "line-scanner"  or  "optical  mechanical"  scanner, 
since  it  contributes,  at  least  to  some  extent,  a replacement  for  the 
conventional  camera-film-filter  system. 

First  off,  the  optical  mechanical  scanner  (and  its  matching  system 
for  data  analysis)  arrogantly  rejects  all  of  the  previously  mentioned  photo 
image  attributes  except  tone,  which  it  prefers  to  call  "scene  brightness." 

It  also  rejects  the  conventional  “grey  scale"  that  is  used  by  humans  in  the 
analysis  of  tone  and  uses  instead  a digital  grey  scale  range  of,  say,  128 
digits.  Realizing  that  there  is  strength  in  numbers  but  that  even  this 
many  numbers  may  not  be  sufficient,  this  scanner  joins  forces  with  scanners 
that  operate  in  other  parts  of  the  spectrum,  happy  to  consider  itself  merely 
as  one  element  of  a marvelous  remote  sensing  system  known  as  a "multispectral 
scanner."  Now  it  can  legitimately  claim  to  do  great  things  because  such  an 
assemblage  of  components  can  go  much  farther  in  revealing  the  full  "spectral 
signatures"  of  various  kinds  of  features.  Furthermore,  since  all  of  these 

signature  elements,  as  acquired  by  the  multispectral  scanner,  can  be  digitized, 

they  lend  themselves  to  computer  programming  and,  in  due  time,  to  a form  of 
computer  analysis  that  can  lead  to  the  identification  of  features  in  a way 

that  could  scarcely  be  duplicated  by  a mere  human.  Up  to  this  point  all  is 
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well  In  that  this  assemblage  of  machinery  is  merely  exploiting  the  following 
principle  of  physics  that  deals  with  basic  matter  and  energy  relationships 
(Ref.  It): 

The  reflectance,  emission,  transmission,  and 
scattering  of  electromagnetic  energy  by  any 
given  kind  of  matter  are  selective  with  respect 
to  wavelength  of  energy  and  specific  for  any 
given  kind  of  matter,  depending  primarily  upon 
its  atomic  and  molecular  composition. 

But  this  statement  serves  to  highlight  the  fact  that,  in  its 
enthusiasm  for  recording  “scene  brightness,"  the  scanner  has  unnecessarily 
limited  itself  to  the  recording,  pixel-by-pixel,  of  scene  reflectance.  Why 
not  do  the  same  for  scene  emittance,  for  example,  by  building  into  the 
scanner  system  an  additional  capability— namely  a thermal  sensing  capability? 
And  so  the  thermal  infrared  component  of  the  multispectral  scanner  is  born. 
And,  speaking  of  reflectance,  why  not  exploit  this  attribute  to  the  fullest 
through  the  use  of  a laser  beam  that  will  illuminate  the  scene  with  extreme 
brightness  at  some  additional  and  highly  specific  wavelengths--especia11y  at 
wavelengths  that  will  give  to  this  ever-growing  sensor  system  an  all-weather 
day-and-night  capability?  And  so  various  active  systems,  including  one  highly 
successful  one  known  as  "SLAR"  (for  side-looking  airborne  radar)  have  been 
born  and  greatly  improved  upon  in  recent  years. 

Surely  at  some  point  this  ever  expanding  sensor  and  data  analysis 
system  (to  continue  the  personification  of  it  ju^t  a bit  further)  starts  to 
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suffer  from  "delusions  of  grandeur."  That  becomes  increasingly  apparent  when 
we  note,  for  example,  that  it  is  starting  to  refer  to  itself  as  a "sophisticated 
system"  that  is  well  on  its  way  to  becoming  a "multi -thematic  mapper." 

For  purposes  of  this  paper,  at  least,  let  us  end  this  personification 
of  machines,  even  though  some  timid  humans  seem  to  go  much  farther  than  this 
without  realizing  it.  (An  example  is  the  remote  sensing  scientist  who  recently 
was  explaining  to  me— "And  then  1 say  to  the  computer,  would  you  please  provide 
me  with  a print-out  of  . . . etc.").  Certainly  at  this  point  it  is  high  time 
for  the  human  to  reassert  himself,  recognizing  that  the  remote  sensing  system-- 
and  the  computer  on  which  it  dumps  its  data— were  designed  by  man  and  should 
serve  at  the  pleasure  of  man— never  the  other  way  around.  It  also  is  time  to 
remind  ourselves  that,  with  all  of  their  sophistication,  these  machines  thus 
far  have  been  able  to  exploit  signficantly  only  one  attribute,  namely  "tone" 
or  "scene  brightness"  from  the  previously  mentioned  arsenal  of  remote  sensing 
image  attributes  that  are  routinely  exploited  by  human  photo  interpreters. 

Now  that  we  have  placed  the  human  back  in  the  saddle  again,  where  he 
belonged  all  the  time,  we  may  find  it  fruitful  to  ask  whether  there  are  image 
attributes  other  than  tone  that  lend  themselves  to  digitization,  and  hence  to 
computer  assisted  analysis.  At  the  present  time  the  short  answer  is  "no"--at 
least  in  my  opinion.  As  justification  for  that  answer  may  I remind  you  that,  in 
at  least  the  past  two  decades,  many  highly  competent  scientists  have,  with 
only  limited  success,  attempted  to  assign  digital  signatures  to  the  shapes  of 
features  (as  perceived  by  remote  sensing)  through  use,  for  example,  of  the 
"area-to-perimeter  ratio,"  Similar  efforts  have  been  made  to  describe  image 
texture  with  digits  through  use,  for  example,  of  microdensitometer  traces 
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made  across  remote  sensinfj-derived  images  of  various  textures.  Numbers 
conceivably  could  be  assigned  to  such  texture-related  measures  as  the 
frequency,  the  amplitude,  and  the  shapes  of  peaks  and  valleys--all  as 
obtained  from  the  microdensitoiiieter  traces.  But  1 find  myself  in  complete 
agreement  with  the  innovative  giants  of  this  particular  field  of  endeavor 
when  they  assert  that  they  still  have  a long  way  to  go  before  digits  can 
do  justice  to  texture  analysis  or.  in  fact,  to  any  of  the  previously 
mentioned  image  attributes  except  tone ■ 

The  foregoing  may  seem  to  give  short  shrift  to  some  moderately 
successful  efforts  that  have  been  made  to  analyze  the  spatial  arrangements 
that  machines  can  detect  when  they  analyze  the  digital  values  of  different 
aggregations  of  pixels  as  acquired  by  the  LANDSAT  MSS  system  (e.g.,  4x4 
and  8x8  aggregations).  Such  efforts  have  entailed  the  use  of  both  Fourier 
Analysis  and  Hadamard  Transform  techniques.  Results  to  date  of 
these  efforts  suggest  that  (1)  in  the  future,  computers  (properly  progranmed) 
may  be  able  to  analyze  spatial  arrangements  and  delineate  stratum  boundaries 
moderately  well,  after  all,  using  MSS  data  as  the  input,  but  (2)  major 
problems  frequently  will  arise  because  of  the  fact  that  the  computer  is  so 
"literal"  that  it  cannot  cope  with  anomalies  encountered  in  a given  stratum, 
even  though  the  human  would  have  little  difficulty  in  disposing  of  such 
anomal ies . 

I . There  will  be  a Better  Realization  that  the  Feasibility  of  Using 
Remote  Sensing  Techniques  in  Any  Geographic  Area  Depends  on  Whether  that 

Area  is  Simply  or  Complexly  Structured . 

Table  2 is  an  attempt  to  set  forth  some  of  the  characteristics  of 
simply  structured  versus  complexly  structured  areas  in  relation  to  the 
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Table  2 Characteristics  of  Simply  Structured  versus  Complexly  Structured  Areas  in  Relation  to  Natural  Resources 


SIMPLY  STRUCTURED  AREAS 

A.  Agricultural  Vegetation 

1.  Fields  large,  regularly  shaped,  usually 
homogeneous  with  respect  to  crop  condition. 

2.  Fei-.’  competing  crops  and  cultural  practices. 

3.  Little  interspersion  of  cropland  with  non- 
cropl and. 

4.  All  fields  o^  a given  crop  planted  on  about 
the  sane  date  and  hence  developing  in 
essentially  the  same  seasonal  pattern. 

8.  Ranoe  and  Forest  Vegetation 

1.  Blocks  of  rangeland  ana  forestland  ai e 
large  and  relatively  horsogeneous. 

2.  Elevational  range  is  low  to  moderate  and  hence 
vey^-ation  of  a given  type  tends  to  develop 
with  essentially  the  same  seasonal  pattern. 

3.  Few  vegetation  types  present,  all  adapted  to 
the  same  elevational  and  ^lir.atic  range. 

4.  Topography  flat  to  gently  rolling  so  tnat 
few  .egetjticnal  differences  a>-e  the  result 
of  differences  in  slope  and  aspect. 

5.  Cultural  practices  with  respect  to  range 
and  timber  resources  are  ^ew  and  uniform. 

C.  Gecloqy.  Soils,  and  Hydrology 

1.  Geologic,  soil,  and  hydrologic  formations 
are  relatively'  large,  simple,  discrete, 
and  homoneneous. 


COMPLEXLY  STRUCTURED  AREAS 

A.  Agricultui'al  Vegetation 

1.  Fields  small,  irregularly  shaped,  frequently 
heterogeneous  with  respect  to  crop  condition. 

2.  Many  competing  crops  and  cultural  practices. 

3.  Much  interspersion  of  cropland  with  non- 
cropland. 

4.  Fields  of  a given  crop  planted  on  many  dif- 
ferent dates  and  hence  developing  with  many 
different  seasonal  patterns. 

B . Range  and  Forest  Vegetation 

1.  Blocks  of  rangeland  and  ■forestland  are 
small  and  relatively  heterogeneous. 

2.  Elevational  range  is  high  to  very  high  and 
hence  vegetation  of  a given  type  tends  to 
develop  with  many  different  seasonal  patterns. 

3.  Many  vegetation  types  present,  each  adapted  to 
a particular  elevational  and  climatic  range. 

4.  Tonography  steep  so  that  many  vegetational 
differences  are  the  *'esult  of  differences 
in  slope  and  aspect. 

5.  Cultural  practices  with  respect  to  range 
and  timber  resources  are  many  and  varied. 

C . Geology,  Soils,  and  Hydrology 

1.  Geologic,  soil,  and  hydrologic  formations  are 
relatively  sr.iall,  complex,  intermingled, 
and  heterogeneous. 


feasibility  of  making  remote  sensing -based  inventories.  Such  characteristics 
apparently  have  been  given  little  consideration  by  remote  sensing  scientists 
up  to  the  present  time.  As  a result  there  have  been  some  seriously  mistaken 
estimates  made  in  the  recent  past  as  to  the  feasibility  of  using  remote 
sensing  techniques  In  various  geographic  areas. 

The  emphasis  in  Table  2 is  placed  primarily  upon  such  renewable 
resources  as  agricultural  crops,  range  vegetation,  and  forest  vegetation; 
only  limited  treatment  is  given  there  to  whether  the  geology,  soils  and 
hydrologic  resources  of  an  area  make  it  a simple-  or  complexly-structured 
one.  Consistent  with  the  so-called  "land  systems"  concept,  however,  {as 
developed,  for  example,  by  Christian  and  Stewart  for  use  in  Australia), 
an  area  that  is  of  complex  geologic  structure  is  very  likely  to  be  complex 
also  In  terms  of  its  soils  and  hydrologic  attributes  and  therefore  in  its 
associated  vegetative  attributes. 

The  photo  interpreter  is  likely  to  perceive  these  attributes  in 
reverse  order  because,  in  most  areas,  the  vegetative  attributes  are  most 
photogenic  and  hence  are  most  easily  perceived.  Stating  the  matter  in  reverse 
order,  therefore,  it  is  highly  probable  that  when  the  vegetation  attributes 
of  an  area  are  found  to  be  complex,  the  geology,  soils  and  hydrologic  attributes 
of  that  area  are  complex  also.  As  a result,  the  feasibility  of  using  remote 
sensing-based  techniques  for  the  inventory  of  such  an  area's  entire  "resource 
complex"  is  likely  to  be  considerably  more  limited,  and  the  requirement  for 
acquiring  ancillary  "ground  truth"  data  much  greater,  than  if  the  area  were  more 
simple  structured. 

As  I look  to  the  future  1 predict  a growing  realization  by  remote 
sensing  scientists  of  the  fact  that  there  are  fundamental  differences,  of  the 
types  suggested  by  Table  2,  among  various  geogrr-phic  areas.  If  so,  when  such 
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scientists  are  attempting  to  make  an  extension  of  "remote  sensing 
feasibility  ratings"  from  any  particular  test  area  to  other  areas,  they 
will  take  far  more  cognizance  of  these  differences  in  the  future  than 
they  have  in  the  past. 

J . There  will  be  a Better  Realization  that  the  Feasibility  of  Using 
Remote  Sensing  Techniques  can  be  Assessed  in  Terms  of  Several  Other 
Considerations  Also . 

Table  3 seeks  to  list  all  of  the  major  factors  which  govern  the 
potential  usefulness  of  any  given  type  of  aerial  or  space  photography  to 
those  who  wish  to  inventory,  develop,  and  manage  an  area's  natural  resources. 
The  potential  significance  of  such  a table  in  relation  to  our  discussion  of 
the  future  of  remote  sensing  is  indicated  by  its  accompanying  explanatory 
notes . 

Consistent  with  the  note  appearing  at  the  top  of  that  table  there 
can  be  for  each  of  the  listed  factors,  an  entire  "spectrum"  of  conditions, 
ranging  from  very  favorable  to  very  unfavorable,  in  relation  to  the  usefulness 
of  remote  sensing.  However,  in  any  given  instance,  the  relevant  factors 
probably  can  be  assessed  reasonably  well, and  even  quantified,  if  only  we  will 
make  the  effort  to  do  so.  If  so,  the  overall  usefulness  of  remote  sensing 
will  be  determinable  quantitatively  by  the  aggregated  effects  of  these 
various  factors.  In  any  specific  instance,  however,  it  probably  will  be 
necessary  to  assign  a weight  to  each  factor,  in  proportion  to  its  estimated 
iiii()ortance.  Ideally,  then,  it  will  be  this  siiKile  acpiregated  value  that  will 
accurately  indicate  "remote  sensing  feasibility." 

As  emphasized  by  the  note  appearing  at  the  bottom  of  Table  3 the 
statements  appearing  in  the  left  column  of  that  table  are  descriptive  of 
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Table  3.— t actors  which  Govern  the  Potential  Usefulness  of  any  given  Type  of  Aerial  or  Space  Photography 
t<>  Those  who  wish  to  Inventory,  Develop,  and  Manage  Natural  Resources 

Notv  I or  each  of  the  factors  listed  in  this  table  an  entire  “spectrum”  of  conditions  it  theoretically  possible,  ranging  from  very 
unfavorable  ft)  very  favorable  as  reg.irds  its  effect  on  the  usefulness  of  the  given  type  of  photography  in  relation  to  the 
inventory,  development,  and  management  of  natural  resources.  However,  in  any  given  Instance,  the  applicable  ^tuation  is 
likely  to  be  well  locatablc  and  quantifiable.  It  follows  that,  in  any  given  instance,  the  overall  u^fulness  of  this  type  of 
photographv  for  the  stated  purpt)sc  will  be  determinable  quantitatively  by  the  aggregated  effects  of  these  various  factors. 
Usually,  however,  a weight  will  need  to  be  assigned  to  each  factor,  in  proportion  to  its  estimated  importance;  hence  the 
aggregated  value  normally  will  reflect  these  individual  weights. 


1 . Area  to  be  analyzed  is  very  complc.xly  structured  in  terms 
of  the  criteria  appearing  in  Table  2. 

2.  Only  photos  having  a CtRl)  of,  say.  10  feet  arc  available  for 
use. 

3.  Clouds  usually  obscure  the  urea  that  is  to  be  analyzed. 

4.  Remote  sensing  can  only  be  done  on  one  date  and  at  one 
time  of  day. 

5.  I here  is  a very  long  delay  after  the  photos  have  been  taken 
before  they  can  be  retrieved  and  placed  in  the  hands  of 
analysts. 

6.  because  t)f  rigid  time  constraints,  only  a “quick  look” 
analysis  can  be  made. 

Only  one  data  analyst  is  available  and  he  is  incxperienecd. 
piH)rb'  trained,  poorly  funded,  poorly  equipped,  little 
appreciated,  and  poorl>  motivated. 

K,  I he  analysts  required  is  lintited  to  (mb  otie  natur.il  resource 
,ind  consists  ot  ;i  one  time  inventory  i>f  it  in  its  static  state. 


9.  I lie  resource  classification  sclicme  that  is  used  is  of  limited 
e\tcnsihi!i^‘  because  it  is  locally  specific. 

in.  The  derived  inventory  data  must  tightly  held  because  of 
sensitivities  that  relate  to  the  economic  or  militar)  >ecur*ts 
of  the  are. I uiuier  stiidv . 

1 I , The  sole  purpose  of  obtaining  the  inventory  data  is  to 
facilitate  resouree  preservaluvn . 

1 2.  I evv  funds  are  available  with  which  to  implement  decisions 
deriveil  from  a study  of  the  resource  information  that  has 
been  acquired;  furthermore  tlic  ilecisions  thetttselves  are 
suspect  becatisc  they  were  based  on  in.tdeiiuaie  intormati«)n 
as  to  the  cost-effectivencss  of  each  of  several  resource 
management  alterfiatives. 


Note'  loiheevieni  ilial  tlic  tact-'ts  iisU\l  in  the  above  column 
pcMain.  there  will  bo  minimuin  licnclil  derived  Irom  the 
use  of  this  type  of  photograpln  in  relation  t«)  the 
mventorv . development . and  management  of  natural 
resoiirves. 


1 . Area  to  be  analyzed  is  very  simply  structured  in  terms  of 
the  criteria  appearing  in  Table  2. 

2.  To  the  extent  desired,  photos  having  a GRP  of.  say. 

10  feet  plus  any  or  all  other  forms  of  remote  sensing  can 
be  used. 

3.  Clouds  rarely  obscure  the  area  that  is  to  be  analyzed. 

4.  Remote  sensing  can  be  done  on  each  of  many  dates  and 
at  many  times  of  day. 

5.  There  is  only  a very  short  delay  after  the  photos  land 
other  remote  sensing  data)  have  been  obtained  before 
they  are  retrieved  and  placed  in  the  hands  of  the  analysts. 

6.  I or  all  practical  purposes  there  arc  no  time  constraints; 
hence  the  making  of  a complete  data  analysis  is  feasible. 

7.  An  entire  multidisciplinary  team  of  analysts  is  available 
and  each  of  them  is  well  experienced,  well  trained, 
well  funded,  well  appreciated,  well  supported  by  cmuul- 
lants  (when  they  arc  needed),  and  well  motivated. 

K.  The  analysis  required  is  one  which  will  integrate  all  com- 
ponents of  the  entire  “resource  complex.”  intluding 
renewable  resources,  and  will  make  repeatcu  inventoriev 
to  monitor  them  In  their  dynamic  state. 

The  resource  classification  scheme  that  is  used  has  preat 
extensibility  because  it  comprises  one  component  of  an 
overall  scheme  that  is  globally  uniform. 

10,  The  derived  inventtvry  data  can  be  made  treely  avadable 
to  all  interested  parties  without  fear  of  economic  or 
military  sensitivities. 

1 1.  The  multifaceted  purpose  of  obtaining  the  inventory  data 
includes  the  facilitating  of  restmrcc  developincm. 

I 2.  Very  substantial  funds  are  available,  and  with  them  the 
necessary  equipment,  engineering  knowledge,  and  local 
political  stability,  to  ensure  that  both  short-term  and 
l(>ng-tcrm  benefits  will  derive  from  implementation  ot  the 
resource  management  decisions;  furthermore  die  decisions 
themselves  are  M)und  because  they  were  based  im  reliable 
information  as  to  the  cosi-effectivencss  ol  each  ot  several 
resiiurce  management  alternatives. 

Note:  To  tlic  cMcm  that  the  l.ictots  listed  in  the  above 

columti  pertain,  there  will  be  tnaxnnuni  ben'.!ii 
derived  from  the  use  ol  this  t)pe  of  photographv  m 
relation  to  iho  inventory,  development,  an«l  m.mio’e- 
ment  t>f  natural  resources. 
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highly  unfavorable  situations.  Hence,  to  the  extent  that  those  descriptions 


apply  in  any  given  instance  there  will  be  mini mum  benefit  derived  from  the 
use  of  remote  sensing  techniques  in  relation  to  the  inventory,  development, 
and  management  of  natural  resources.  In  contrast,  the  statements  appearing 
in  the  right  column  of  that  table  are  descriptive  of  highly  favorable 
situations.  Hence,  to  the  extent  that  those  descriptions  apply  in  any  given 
instance,  there  will  be  maximum  benefit  derived  from  the  use  of  remote 
sensing  techniques. 

While  the  statements  appearing  in  Table  3 could  be  improved  and 
expanded  upon,  they  should  suffice,  even  in  their  present  form,  to  make 
the  desired  point  in  relation  to  the  theme  of  my  paper,  namely,  that  remote 
sensing  scientists  will  give  far  more  attention  to  such  considerations  in 
the  future  than  they  have  in  the  past,  and  with  the  following  beneficial 
result:  There  will  be  far  less  overselling  of  remote  sensing  techniques 

for  situations  where  they  are  not  likely  to  bo  successful,  and  there  will 
be  far  more  extensive  and  intelligent  use  of  remote  sensing  techniques  in 
situations  whether  they  have  the  potential  for  being  highly  successful. 

At  the  risk  of  overstating  the  matter  I will  assert  that,  in  the 
long  run,  it  is  the  giving  of  proper  consideration  to  statements  and  factors 
such  as  those  listed  in  Table  3 that  is  at  the  very  heart  of  remote  sensing 
technology  transfer  and  acceptance  in  the  years  to  come. 
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K . There  win  be  a Greater  Bor  rowing  by  Future  Remote  Sensing  Sdontls  ^ 
of  Various  Applicable  Techniques  and  Procedures  that  Have  Been  Developed  in 
Other  Disciplines. 

In  any  discipline  that  is  relatively  new  and  fast-growing  there  is 
likely  to  develop  the  belief  that  each  probliji\  encountered  is  an  entirely 
new  one,  the  likes  of  which  have  never  before  been  encountered  by  man  or 
beast.  Again,  if  my  perception  is  correct,  remote  sensing  is  among  the 
disciplines  that  have  suffered  from  this  belief--one  that  employs  the 
"not-invented  here"  syndrome  in  rejecting  worthy  contributions  from  other 
disciplines.  It  Is  entirely  probable  that  at  this  very  moment  many  of  me 
problems  that  remote  sensing  scientists  are  seeking  to  solve  have  already 
been  solved,  in  only  a slightly  modified  context,  by  workers  in  other 
disciplines.  To  the  extent  that  this  is  true  we  should  even  now  be  testing 
the  applicability  to  remote  sensing  Image  analysts  of  (1)  various  search 
techniques  used  by  astronomers  or  microscopists  as  they  attempt  systematically 
to  search  for  information;  (2)  various  counting  or  enumeration  techniques  used 
by  doctors  in  determining  the  number  of  red  and  white  blood  corpuscles  in  a 
patient's  blood  sample;  (3)  various  fatigue-reducing  techniques  used  by 
industrial  supervisors  to  ensure  that  their  workers  who  are  engaged  in  highly 
repetitive  tasks  will  perform  acceptably  well  throughout  an  8-hour  work  day; 
and  (4)  various  "convergence  of  t-vidence  techniques"  used  by  lav/yers  to 
maximize  the  prospect  that  a deduction  made  is  the  correct  one. 

Such  a mass  borrowing  of  information  and  techniques  from  other 
disciplines  should  not  be  regarded  as  a shameful  practice,  but  as  a highly 
intelligent  one.  For  those  remote  sensing  scientists  who  nevertheless  might 
suffer  pangs  of  conscience  from  engaging  in  this  practice,  adequate  consolation 
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should  be  found  in  the  following  thought:  For  each  field  or  discipline 
from  which  remote  sensing  scientists  might  borrow  Information  of  the  types 
Indicated  above  {and  for  many  other  fields  as  wrll)  repayment  many  times 
over  Is  likely  to  be  offered  in  the  near  future— the  reciprocity  in  this 
case  being  in  the  form  of  remote  sensing  derived  information  that  could  be 
used  to  great  advantage  In  these  other  fields  or  disciplines. 

One  of  the  first  to  express,  in  highly  positive  terms,  this  concept 
of  mass  borrowing  of  .nformation  as  a means  of  progressing  toward  the  desired 
result,  was  Aristotle,  who  reportedly  said  some  2400  years  ago:  "The  search 
for  truth  is  in  one  way  difficult  and  in  another  easy,  for  no  one  can  master 
It  fully  nor  escape  ,t  wholly;  yet  each,  through  his  own  efforts,  adds  a bit 

of  information,  and  from  the  mass  of  knowledge  thus  assembled  there  arises 
a certain  grandeur." 

mil  be  Used  to  an  Ever-Increasing  Extent  as  an 
Aid  to  thejnterpretation  of  Space  Photography. 

The  lack  of  relief  displacement  In  a space  photograph  is  a blessing 
when  we  wish  to  have  a near-orthophotographic  record  of  the  landscape. 
Axiomatical ly,  the  lack  of  relief  displacement  is  the  very  attribute  that 
most  limits  the  interpretabil ity  of  a space  photograph  when  the  objective  is 
to  identify,  from  their  three-dimensional  configurations,  certain  important 
features  that  are  of  interest  to  the  managers  of  natural  resources.  The  remedy 
to  this  deficiency  as  applied  to  terrain  features  that  are  of  sufficient  si?e 
to  be  clearly  resolvable  on  the  space  ohotograph  is  to  be  found  in  a form  of 
synthetic  stereo"  that  can  be  produced  for  any  area  that  already  has  been 
topographically  mapped  to  a suitably  small  contour  interval. 
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"Shadow  Parallax"  Also  witl  be  Exploited  In  the  Future  as  a Means  of 
Perceiving  on  Space  Photographi  the  Three-Dimensional  Characteristics  of 
Features . 

Interest  In  this  technique  also  stems  froiti  the  lack  of  relief 
displacement  Irt  a space  photograph,  Cepending  upon  th.'  resolutu>,  of  the 
space  photography  the  technique  can  be  applied  to  mountains,  buildings,  or 
even  trees.  If  two  photos  are  taken  of  the  same  area,  but  at  different  times 
of  day,  (e.g.,  one  hour  before  noon  and  one  hour  after  noon,  local  sun  time) 
and  then  viewed  through  a stereoscope  the  shadows  will  be  seen  to  have 
shifted  their  positions.  Furthermore,  the  taller  the  object  the  greater  the 
shift  will  have  been.  As  seen  through  the  stereoscope  the  apparent  heights 
of  the  shadows  are  indicative  of  the  actual  heights  of  the  objects  casting 
them.  Illustrations  of  this  technique  appear  In  Chapter  2 of  the  Hanual 
of  Photographic  Interpretation  (Ref.  2). 

N . Fuiure  Improvements  in  Sensor  Capabilities  and  Resource  Classification 
Schemes  will  Better  Conform  to  the  Requirements  Imposed  by  Resource  Policy 
Decisions  and  Management  Objectives. 

In  an  earlier  section  of  this  paper  some  consideration  was  given  as 
to  the  kinds  of  infonuation , both  basic  and  applied,  that  might  be  desired  by 
those  working  in  various  resource-related  disciplines.  In  the  present  section 
let  us  build  on  those  considerations  by  acknowledging  that  either  of  two 
approaches  might  be  used  as  we  seek  to  relate  remote  sensing  capabilities  to 
u<^.t*r  requirements . In  the  f irst  approach , remote  sensing  capabilities  would 
be  considered  at  the  outset  and,  in  the  light  of  these  capabilities,  an 
exhaustive  list  would  be  ctHupiled  showing  all  the  kinds  of  information  that 
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might  bt  attained  through  the  full  exercise  of  these  capabilities.  Then  due 
consideration  would  be  given  to  each  item  on  the  list  in  order  to  dctsrmine 
whether  that  item  might  conceivably  satisfy  some  user's  informational 
requirements. 

In  the  second  approach,  a list  of  economically  significant  or  otherwise 
Important  user  requirements  for  information  would  be  compiled.  Once  the  list 
had  been  compiled,  consideration  would  be  given  to  the  various  remote  sensing 
capabilities  in  an  effort  to  determine  which  of  these  rcquirei.ients  might  be 
met  and  by  what  remote  sensing  process. 

If  cither  of  these  two  approaches  were  to  be  used,  however,  consid- 
eration would  eventually  need  to  be  given  to  the  best  compromise  between  user 
requirements  and  remote  sensing  capabilities.  For  example,  if  under  the 
second  approach,  it  were  found  that  one  of  the  desired  items  of  infonnatlon 
could  not  be  directly  obtained  by  means  of  remote  sensing,  the  investigator 
should  consider  whether  the  requirement  might  be  so  modified  as  to  make 
acceptable  to  the  user  some  alternate  kind  of  information  which  could,  indeed, 
be  derived  through  the  remote  se.nsing  process. 

As  indicated  by  Figure  1 it  is  sometimes  helpful  to  consider  that 
there  are  several  links  comprising  the  chain  of  events  by  means  of  which 
remote  sensing  techniques  can  be  used  to  satisfy  the  information  requirements 
of  various  resource  management  groups. 

ft)  the  one  hand,  the  "hardware  oriented"  person  is  likely  to  use  the 
first  of  the  two  approaches,  viewing  the  matter  as  proceeding  from  the  left 
links  of  the  ch*  ,i  forward  and  to  the  right.  On  the  other  hand,  the 
"managen«nt  and  policy"  oriented  person  is  likely  to  use  the  second  approach. 
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Specify  spectral 
and  spatial  reso- 
lution character- 
istics of  sensors, 
atnospheric  con- 
straints. target 
i 1 1 uni  nation  and 
weight,  power  and 
volume  require- 
ments of  the  sen- 
sors. Specify 
performance  char- 
acteristics of 
vehicles  needed 
to  transport  sen- 
sors, including 
speed,  attitude 
control,  service 
ceiling,  stay 
time  and  ability 
to  satisfy  weight, 
power  and  volume 
requirements  of 
the  sensor  pack- 
age. 


Sped  fy  the 
"model”  or 
"models"  that 
will  best 
facilitate  the 
storage  of  data 
and  i IS  re- 
trieval peri- 
odically by 
those  who  are 
to  convert  the 
data  into  in- 
formation that 
wi  1 1 satisfy 
specific  re- 
quirements of 
the  various 
users . 


Establish  the 
"signature"  for 
each  type  of  earth 
resource  feature 
that  is  to  be  iden- 
tified, as  a func- 
tion of  its  spec- 
tral , spatial , 
goniometric  and 
temporal  charac- 
teristics. By 
proper  use  of 
humans  and  AOP 
machines,  provide 
an  "in-place"  de- 
lineation, area- 
by-area,  of  each 
type  of  earth  re- 
source, including 
vegetation  type, 
soil  type,  water 
quantity  and  quality, 
topography,  culture, 
and  fflul ti -resource 
interrelationships. 


Precisely  define 
the  kinds  of 
earth  resource 
information  needed 
by  those  who  must 
develop  and  imple- 
ment management 
plans  and  policy 
decisions;  also 
define  the  speed 
with  which  these 
types  of  informa- 
tion must  be  pro- 
vided followi-^g 
acquisition  of 
remote  sensing 
data,  and  the  fre- 
quency with  which 
these  kinds  of 
resource  informa- 
tion  are  likely  to 
be  needed  by  the 
verious  users. 


Determine,  for 
example,  how  best 
to  manage  the  water- 
shed with  a view  to 
multiple  use  manage- 
ment; also  how  and 
where  to  store  wqter 
and  to  develop  and 
distribute  hydro- 
electric power  from 
it.  Also,  how  best 
to  transport  water 
to  farnil.inds,  urban 
.ireas  .mtl  other 
places  of  water  con- 
s.i'T^tion. 


Oetermine,  for 
exa!^pi«,  whether 
to  encourage 
or  discourage 

(1)  the  growth 
of  a x>«g.jIopo* 

I is  in  a par- 
ticular area, 

(2)  the  inten- 
sifiration  of 
agriculture  in 
a second  area, 
etc. 


Figure  1 Links  by  means  af  which  remote  sensing  techniques  can  be  used  to  satisfy  Che  information 
requirements  of  various  resource  management  groups. 


v1«m!h9  the  metter  as  more  logically  proceeding  from  the  right  links  of 
the  chain  backward  and  to  the  left. 

tip  to  the  present  time  the  first  approach  has  predominated,  even  from 
the  days  of  the  first  ex^rlments  in  sfwce  photography  when  the  weight,  power, 
and  volume  requirements  of  available  sensors  dictated  vrfiat  the  sensor  package 
wuld  be  that  might  be  privileged  to  fly  "piggy-back"  on  the  next  space  shot. 

But  we  can  predict  with  confidence  that  in  future  space  shots,  especially 
those  in  which  the  satellite  is  specifically  dedicated  to  the  collection  of 
resource-related  data,  both  the  sensor  capabilities  and  the  resource  classifi- 
cation schemes  will  be  far  more  responsive  to  the  infonnation  requirements 
of  the  types  suggested  in  Figure  1,  as  imposed  by  resource  policy  discussions 
and  management  objectives. 

In  Figure  2 a diagram  is  presented  which  Illustrates  this  "links  of 
a chain"  concept  in  a quite  different  way,  and  in  somewhat  more  specific 
teras.  The  example  dealt  with  in  that  figure  is  one  in  which  the  objective 
was  to  maximiae  the  usefulness  of  remote  sensing  in  satisfying  the  informational 
requirerwnts  of  water  resource  managers  In  the  state  of  California.  With 
respect  to  that  example,  the  "hardware  oriented"  individuals,  in  confonnity 
with  the  first  approach,  would  view  the  matter  as  progressing  from  bottom  to 
top  in  this  diagram.  It  is  very  clear,  however,  that  state  and  regional 
planners,  being  "policy  oriented"  individuals,  and  also  being  concerned  not 
just  VI  th  water  but  with  the  entire  resource  cwnplex,  would  view  the  matter 
as  progressing  from  top  to  bottom. 
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I'igu'e  2 Dl3|!'.ia  illuiCrnclng  tVe  Riructuru  of  out;  pntiUular  i>.ciucc  :>tsnsiiig 

projoct,  (vJ*.  one  which  scckii  t«  i»»«  roaoit*  reusing  to  set’  .f"  tlit 
informariouai  rcnufrement*  of  California's  watar  teseusre*  Managers), 
and  itf'  relation  to  other  critical  rebource  problems  In  Crlifornia 
and  elsewhere.  The  "links-of-a-chatii"  concept  expressed  in  Figure  k 
also  is  apparent  liere. 


0.  Intelligent  Exploration  of  the  "Multi**  Concept  Will  Greatly 
liKrease  the  Amount  of  Informetlon  Derivable  Through  the  Use  of  Modern 
Rawote  Sensing  Techniques 

In  chapter  1 of  Reference  4,  there  Is  a fully  Illustrated 
presentation  of  what  Is  called  there  (for  mnt  of  a better  term),  the 
"Hultl"  concept.  The  reason  for  assigning  that  term  (at  least  tentatively) 
to  the  concept,  Is  suggested  In  Figure  3 of  the  present  paper,  wherein 
many  of  the  elements  of  that  topic  are  listed  and  Inferentlally  defined. 

Even  a cursory  examination  of  Figure  3 Is  likely  to  suggest  two  thoughts 
to  the  reader:  (1)  In  the  Interest  of  completeness  several  ether  com- 
ponents might  be  added  to  thosealready  listed  there,  and  (2)  If  a remote 
sensing  scientist  were  to  Insist  on  using  all  of  these  components  on  all 
remote  sensing-related  projects,  he  should  very  properly  be  discredited 
on  the  grounds  of  being  "multi"  happy.  Perhaps  it  Is  In  consideration 
of  these  two  thoughts  that  m arrive,  on  balance,  at  the  following  conclusion: 
In  the  future  it  will  Indeed  be  possible,  through  intelligent  and  properly 
restrained  use  of  the  "ftaltl"  concept,  to  Increase  significantly  the  amount 
of  Information  derivable  through  the  use  of  modem  remote  sensing  techniques. 
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1. 

2. 

3. 

4. 

5. 

6. 


More  Information  usually  Is 
one  station,* 

More  information  usually  is 
length  band. 

Itore  information  usually  is 

More  information  usually  is 
one  polarization. 

More  information  usually  is 
stage  or  flight  altitude. 

More  Information  usually  is 
one  enhancement. 


obtainable  from  multistation  photography  than  from  that  obtained  from  only 

obtainable  from  multibarKi  photography  than  from  that  taken  in  only  one 

obtainable  from  niultidate  photography  than  from  that  taken  on  only  one  date, 
obtainable  from  multi polarization  photography  than  from  that  taken  with  only 

obtainable  from  multistage  photography  than  from  Wat  taken  from  only  one 

obtainable  through  the  multi enhancement  of  this  photography  than  from  only 


7.  More  information  usually  is  obtainable  by  the  multidisciplinary  analysis  of  this  photography  than  If  it 
is  analyzed  by  experts  from  only  one  discipline. 

8.  The  wealth  of  information  usually  derivable  through  intelligent  use  of  these  various  means  usually  is 
better  conveyed  to  the  potential  user  of  it  through  multi  thematic  maps,  I.e. , through  a series  of  maps* 
each  dedicated  to  the  portraying  of  one  particular  tSSffli'  rather  "than  through  only  one  map. 


* The  terra  "multistation  photography"  (not  to  be  confused  with  "multistage  photography")  pertains  pri- 
marily to  successive  overlapping  photographs,  taken  along  any  given  flight  line  as  flown  by  a photo- 
graphic aircraft  or  spacecraft.  When  two  such  photographs  are  studied  stereoscopical  1y,  the  i^to 
interpreter  is  better  able  to  perceive  features  than  if  a photo  from  only  one  of  the  two  stations  was 
available. 


Figure  3:  The  "Multi"  Concept:  For  further  explanation,  see  text. 


SUMNARY  AND  CONCLUSION 


In  this  piper  m have  discussed  the  history  and  future  of  renote  sensing 
^hnology  and  education  under  five  major  headings: 

(1)  a historical  i^vlew  of  the  discovery  end  developnent  of  photograpl^ 
and  related  sciences; 

(2)  remote  sensing  progress  during  the  past  quarter  century; 

(3)  the  role  of  education  to  date  In  the  development  of  ranote  sensing 
technology; 

(4)  a discussion  of  some  prescribed  ranote  sensing  questions;  and 

{5}  sontt  predictions  with  respect  to  the  future  of  r»iote  sensing 

techno1(^y  and  training. 

From  this  discussion,  we  conclude  that: 

(1)  those  of  us  who  are  currently  engaged  In  ranote  sensing  activities 
enjoy  an  unusually  rich  heritage  that  results  fr«wi  roughly  equal 
amounts  of  the  following  Ingredients  on  the  part  of  our  predecessors: 
dedication,  hard  work,  brilliant  Innovativeness  and  good  luck; 

(2)  while  the  hey-day  for  remote  sensing-related  research  may  be  fast 
coming  to  a close,  the  potential  pay-off  from  this  research  Is  only 
beginning,  especially  among  the  various  federal,  state  and  private 
agencies  that  need  better  resource  Inventories  as  the  first  step 
leading  to  better  resource  managenent;  and 

(3)  consequently,  there  will  be  a continuing  and  expanding  need  during  the 
foreseeable  future  fortraining  In  remote  sensing  principles,  tech- 
niques and  applications  --  training  of  the  type  that  Is  best  pro- 
vided at  colleges  and  universities  by  individuals  such  as  have  been 
assembled  here  for  this  Conference  of  Remote  Sensing  Educators.  I, 
therefore,  think  that  we  all  can  look  forward  enthusiastically  to  the 
prospect  that  this  will  be  a most  timely  and  highly  productive  conference. 
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Is  Re«ote  Sensing  Far  Out? 

Ida  R.  Hoos* 

University  of  California,  Berkeley 

Titles  of  speeches,  like  Executive  SuMaries,  often  have  only  a 
tenuous  relationship  to  the  subject  at  hand.  The  title  of  aqr  talk  this 
evening  is  an  exception;  it  pertains  directly  to  the  uatter  I plan 
to  discuss.  I will,  however,  adult  that,  as  put,  the  questi<m  is 
acadeuic,  a fact  which  should  render  it  appropriate  to  this  awlienee, 
but  tdiich  also  carries  the  i^lication  that  there  is  no  definitive 
anstrar.  If  I adult,  further,  that,  coning  fron  ne,  the  question  is 
lOMled  and  that  I have  a bias,  then  I have  confomed  to  the  first 
cuion  of  professional  research  and  fended  off  the  possible  critlcisa 
that  I an  biased.  I know;  I said  it  first. 

Whether  one  thinks  remote  sensing  is  far  out  and  how  far  out 
one  considers  remote  sensing  to  be  depends  in  large  part  on  one's 
perapective,  and  perspective  depends  to  a great  extent  on  one's 
position  on  the  learning  curve.  This  is  to  say,  then,  that  per> 
spective  and  education  are  related  in  interesting  ways. 

For  exai^le,  it  might  seem  far  out  to  claim  a relationship 
between  Parkinson's  Law  and  remote  sensing  and  yet,  it  was  through 
his  World  War  II  experience  in  the  British  Arny  that  C.  Northcote 
Parkinson  evolved  the  basic  law  of  bureaucracy,  viz.,  that  work 
expands  to  fill  the  time  available  for  its  ccrapletion.  He  tells 
it  this  way: 

T 
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S«Mbody  ii  needed  to  Intorprot  Mriel  fdiotographs , 

§o  ft  priin^te  it  ftstlgiwd  to  the  job  and  given  a 
corner  deik.  He  snq>i  to  attmtlon,  says,  "Very 
good.  Sir,"  and  sita  dom.  TWo  days  later  he  is 
back  coaplaining  that  he  needs  another  nan  because 
there  are  so  nany  jdiotographs  and  that  if  he's  to 
have  oiy  authority  over  his  helper,  he'll  have  to 
be  a lance  corporal.  "I  quite  see  that;  yes,  yes," 
says  the  officer.  In  three  ncmths,  he  has  a staff 
of  8S,  he's  becMS  a lieutenant  colonel,  and  he  never 
sees  s idiotogr^jdi  because  he's  so  busy  tending  to 
adainistration  [1]. 

Lest  ay  NASA  friends  becone  tmeasy  abmit  the  possible  ispli- 
cations  of  this  bit  of  serendipity,  1 hasten  to  point  out  that 
it  is  the  universal  i^licability  of  the  Lav  that  has  kept  it 
viable  for  the  past  twenty  years  and  that  insures  its  durability  in 
the  future.  Hie  relati<mship  to  space  is  only  a Mtter  of  his- 
torical coincidence  and  used  here  to  prove  the  point  that,  as  with 
so  nany  contributions  of  reaote  sensing,  ccmseqtMnces  ripple  far 
and  beyond  the  original  source. 

Having  shared  this  vignette  and,  I hope,  nade  ly  point,  I 
shall  return  to  the  business  at  hand,  idiich  is  to  find  an  answer 
to  the  question,  "Is  renote  sensing  far  out?"  In  true  acadesdc 
fora,  the  respcmse  is  several  BM»re  questions: 

(1)  Nhat  is  the  perspective? 

(2)  Whose  perspective  is  it? 

(3)  On  what  does  the  perspective  depend? 

And  herein  lies  a liberal  education  in  psydiology,  sociology, 
political  science,  econosdcs,  resource  nanagenent.  and  even  poultry 


[1]  A.  Flora  Lewis,  "After  2 Occadea,  C.  Northcote  Parkinson  Finds  His 
Law  is  Still  Inexorable",  The  New  York  Tines,  June  19,  1978. 
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husbuidry,  since  ths  ehick«i-aikl-sgg  dUeoM  is  often  encotntered 
in  Umdset  ef^licatimi.  (Before  it  csn  becoM  operatitmel , the 
sjfstM  Mist  here  • constituency  of  users  end  sv^porters;  users 
are  not  likely  to  becoue  a stmneh  constituency  until  they  aie 
CMivinced  that  Landsat  will  be  an  ^erational  systen.)  Moreover, 

Midi  of  the  usefniness  of  this  and  related  tecluiologies  will  depend 
(m  educated  and  conpetMit  people,  but  we  caiuuit  have  then  until  we 
develop  then,  rhis  suggests  an  eiqiansicm  of  the  role  of  e<h»ators 
idto  have  been  inclined  to  Unit  their  activities  to  teaching  techniqiM. 

Wiat,  then,  are  scMe  of  the  nore  cwMiMily  eneowitered  perspec- 
tives that  itelinit  our  spatial  relations  with  renote  sensing  (i.e. 
idiether  m regard  it  as  "far  out"  and  hem  far)?  One  is  the  get>e- 
horse  Myadromt  this  naintains  a pessinistic  postiure  on  any  tedino- 
logical  advance.  It  is  so  naned  bacause  it  is  derived  frtM  the 
advice  given  Henry  Fo»i  by  the  sceptics.  They  said  that  his  invention 
wouldn't  flyl  Antedating  then  by  many  years  were  the  Luddites, 
their  fane  in  history  dim  to  the  word  they  contributed  --  mabotaya, 
for  the  wooden  shoes  (sdiots)  they  hurled  into  the  textile  isachinery. 
Sraetines,  inpedinents  are  nore  subtle,  as  when  current  practice 
is  valued  because  "it  is  the  way  we've  always  done  things",  or 
because  new  nethods  igiset  the  confortable  even  though  archaic 
horse-Mid-buggy  ways. 

If  the  perspective  is  one  of  resistance,  then  logic  dictates 
that  it  can  be  allayed  if  not  dispe:i.rd  by  tracing  the  path  of  its 
cause.  NASA  has  learned  through  long  years  of  experience  with  such 
prograas  as  spinoff,  technical  utilization,  and  now  technology 
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tvntftr  that  rtMons  for  resitting  new  end  edveneed  techniqiMS  are 
iQnriad  Md  oMipiicated.  Frw)tmitly,  they  stm  from  the  social  ra- 
virmamt  md  reflect  the  cliaate  of  receptivity,  with  only  an 
attmuated  relaticmship  to  the  technology  itself.  Titus,  resource 
■utagers  aay  recognise  the  potential  of  renote  sensing  as  a tool 
and  yet  be  detent  for  reasons  bureaucratic,  institutional,  or 
politic  fron  ineorpontting  it  in  their  workaday  routines. 

Another  perspective  antes  under  the  heading  of  the  faac  abacua. 
This  view  q^aises  any  techni<)ue  solely  fron  the  viewpoint  of  getting 
the  sow  old  jobs  done  chei^r  and  faster.  The  early  electronic 
coefmter  systen,  desi^d  to  neet  only  current  paper-prv>cessing  needs, 
wes  an  exaaple  of  this  view,  and  went  the  way  of  the  Edsel.  Designs 
which  net  needs  as  yet  unperceived  gave  this  revolutionary  technology 
its  trenendous  inpetus.  The  point  has  been  made  with  respect  to 
the  developnent  of  the  autonobile  that  public  expectation  always 
ran  ahead  of  the  technology.  Therein  nay  be  a lesson  apropos  to 
renote  sensing:  instead  of  trying  to  harness  the  space  effort  to 
wnr  little  red  wagons,  we  sh<mld  hitch  our  wagon  to  the  stars.  In 
otiMr  words,  m should  expand  our  perception  to  learn  how  the  view 
fron  space  can  enhance  our  ability  to  nanage  earth's  valued  and 
finite  res<Mirces.  The  lats*ch  of  Seasat  just  this  week  is  less  a 
challenge  to  the  engineers  who  created  it  than  to  the  scientific  and 
acadenic  cowamity  m>on  tdims  it  is  incuad>ent  to  nake  intelligent 
use  ^f  its  infomati<m-gathering  potential.  With  Seasat  as  with 
Lmdsat,  tn  can  kiw>w  nore,  the  question  is,  will  we? 
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The  |K>int  is  of  i>ara«ount  ii^rtenee  for  educators  to  ponder. 

Their  perceptiMi  of  their  own  role  is  vital  in  the  ultiaate  utili- 
zation of  the  teduioloipr.  Not  (mly  is  their  research  crucial . 
for  it  is  in  I their  laboratories  that  the  eiqieriaental  implications 
take  iora  ani  "glitches"  are  dist^vered  and  corrected,  but  the 
••human  output"  of  their  teaching  constitutes  the  reservoir  of  com- 
petent leadership  in  the  future.  The  aission  of  education  would 
benefit  froa 'clarif icatiim : it  should  incline  not  aerely  how  to 
derive  data  from  satellite  iaa^ry  but  how  and  where  it  can  be 
implied.  In  this  sense,  the  education  coawmity's  role  would  be  that 
of  cowunicator,  forging  a link  between  toeorrow^s  technical  specialist 
and  toBorrow’s  user.  Just  as  remote  sensing  interfaces  with  many 
disciplines,  such  as  forestry,  water  resources,  agriculture,  and 
the  like,  and,  ultiaately,  iiq}inges  on  decisionaaking  in  a nm^er 
/ of  sectors  and  at  different  levels,  so  should  the  background  and 
training  slice  actoss  the  traditional  academic  boundaries  and  reach 
the  students  of  piiblic  administratim  and  planning  — the  policy 
rnkers  of  the  fiture. 

That  the  prevailing  pattem,  with  notable  exceptions,  is  a 
manifestation  of  the  myopic  perspective  that  sees  remote  sensing 
primarily  as  a vehicle  for  pursuing  a pet  pzoject  and/or  acquiring 
S(»e  hardware  cannot  be  gainsaid.  Perhqis  this  attitwle  can 
best  be  understood  when  one  considers  the  ateinistrative  and  bureau- 
cratic strictures  timt  delimit  faculty's  degrees  of  freedom. 

Stringent  budgetary  conditions,  quantum  leaps  in  laboratory  costs. 
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and  the  fiscal  malaise  created  by  a tax-conscious  public  — all 
have  contributed  to  a climate  of  uncertainty  on  the  nation's 
caapuses.  Government  agencies,  for  their  part,  are  under  pressure 
to  deliver  evidence  that  dollars  have  been  well  spent  and  make 
demands  not  always  coapatible  with  the  universities ' modus  operand! . 

If  the  relationship  between  federal  funding  agencies  and  the  country's 

universities  is  one  of  continuing  but  uneasy  detente,  it  can  be  said 

that  there  are  nonetheless  elements  of  entente  cordials  emanating 

from  the  personal  rapport  that  exists  among  members  of  the  academic  coooiunity 

and  govemn^nt  officials.  Missions  are  accomplished  not  by  flow  charts 

and  program  schedules  but  by  human  dedication  and  commitment 

shared  by  both  sectors. 

A state  of  institutionalized  myopia  is  imposed  by  the  very 
principles  of  management  science  almost  universally  accepted  from 
county  to  Congress.  When  President  Johnson  decreed  that  all  federal 
agencies  adopt  the  Program  Performance  Budget  System  (PPBS),  he 
was  merely  reflecting  a trend  that  had  persevered  before  and  prevails 
long  after  the  mandate  was  officially  rescinded  [2].  (As  in  the  war  in 
Vietnam,  so  in  the  War  on  Poverty,  the  PPBS  concept  in  its  various 
manifestations  produced  no  remarkable  victories.)  The  core  and 
coimnon  element  of  the  tools  of  management  science,  variously  known 
as  systems  analysis,  operations  research,  PPBS,  and  more  recently, 

[2]  Ida  R.  Hoos,  Systems  Analysis  in  Public  Policy,  Berkeley,  California, 
University  of  California  Press,  1974. 
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tdchnolo^  assessment  and  risk  analysis,  is  the  cost/benefit  analysis. 
Actually,  the  cost/benefit  ratio  is  as  old  as  the  hills,  its  logic  at 
least  intuitively  intrinsic  to  any  decision  involving  sensible 
choice.  However,  it  was  not  imtil  passage  of  the  Flood  Act  of  1936 
that  cost/benefit  analysis  became  ordained  as  a necessary  step 
in  the  decisionmaking  process.  Hie  legislation  specified  that  no 
major  c(mstruction  project  would  be  authorized  unless  its  benefits 
could  be  calculated  to  exceed  its  costs.  Exquisitely  simple  as 
to  language  and  logic,  this  requirement  made  a numbers  game  out 
of  public  management.  And  over  forty  years  of  application  in  water 
resource  planning  have  failed  to  overcome  such  basic  weaknesses  as 
costs  underestimated,  with  calculations  limited  to  visible  dollar 
amounts,  opportunity  costs  omitted,  spillovers  overlooked,  and 
a range  of  present  and  future  costs  ignored.  Social  and  environ- 
mental costs,  because  incalculable,  were  not  calculated.  On  the 
benefit  side,  confutations  were  found  to  be  overly  optimistic,  not 
adequately  sifported,  and  lacking  in  consistency  [3].  Not  only  does 
the  outcome  of  the  calculations  depend  on  who  is  the  Paul  getting 
robbed  and  the  Peter  getting  paid,  but  the  "hard"  numbers  produced 
to  justify  huge  projects  have  failed  to  pass  the  test  of  time.  Ad 
hoc  justifications  for  large  water  projects  turned  out  to  be  post  hoc 
fiascoes. 

Moreover,  for  all  "scientific"  pretensions,  the  management 

[3]  U.S.  General  Accounting  Office,  Report  to  the  Congress  by  the 
Comptroller  General  of  the  United  States,  Improvements  Needed  in 
Making  Benefit-Cost  Analysis  for  Federal  Water  Resources  Projects, 
Washington,  D.C.,  B-167  941,  September  20,  1974,  p.  i.. 
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of  water  resources  r»»lns  largely  a political  mtter.  Anyone  who 
has  follmied  the  course  of  the  current  proposals  by  the  Adainistration 
to  cancel  a number  of  projects  will  recognize  how  economics,  politics, 
and  environment  all  impinge  on  the  decisions  being  made.  Governor 
Richard  D.  Lamm  of  Colcpado  made  an  eloquent  statement  on  this  very 
mtter.  Ife  said,  **No  public  decision  can  be,  or  should  be,  mde 
solely  on  the  basis  ck  dollar  costs  versus  dollar  benefits.  The 
full  range  of  economic,  social,  and  environmental  consequences,  many 
of  which  cannot  be  masured  in  dollars,  must  be  considered.  If  the 
cost/benefit  ratio  were  the  sole  test  for  use  of  public  fumds  or 
resources,  would  we  have  wilderness  areas,  wild  and  scenic  rivers  ... 
or  the  Washington,  D.C.  Metro?"  [4] 

Despite  the  years  of  experience  that  corroborate  the  contention 
that  cost/benefit  analysis  is  a teeter-totter  game  that  all  can  play, 
it  remains  the  key  guideline  for  public  decisionmaking,  the  concept 
having  derived  new  vitality  from  its  reattribution  during  World  War  II 
in  the  context  of  weapons  systematization  and  selection  as  McNamara’s 
"biggest  bang  for  the  buck".  Patently  detrimental  in  public  program 
planning  in  general,  cost/benefit  analysis  is  positively  disastrous 
as  a measure  of  new  technologies.  It  appears  to  be  a double-edged 
sword  of  Damocles  as  it  hangs  over  the  head  of  remote  sensing.  In 
the  guise  of  "technology  assessment",  it  has  li^osed  a necessity  for 

[4]  Richard  D.  Lamm,  "Our  West,  Water  and  Carter",  The  New  York  Times, 
June  19,  1978. 
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pr«uture  evaluation,  which  has  forced  a kind  of  polarization.  At 
the  one  extreoe,  there  is  the  quantification  of  pie-in- the-sky , the 
placing  of  dollar  values  on  benefits  not  realized  and  perhaps  of 
a nature  and  in  a tine  frane  elusive  of  this  method  of  calculation. 

On  the  other  hand,  there  is  the  "bean  counting"  that  is  associated 
with  management  of  resource  agencies  and  that  dictates  that  the  use 
of  remcce-sensing  data  must  contribute  in  an  imnediately  visible 
cost-effective  way  to  the  operation  of  the  given  agency.  Short- 
term objectives  not  only  saddle  the  new  technology  with  an  onus 
beyond  its  proper  limits  of  responsibility,  but  also  contribute 
to  a kind  of  peaches -and -pears  mishmash  made  tq)  of  spurious  and 
ill-founded  coiq>arisons . 

Peih£q>s  1 am  asking  too  much  of  my  academic  colleagues.  Perhaps 
they  have  found  the  cost/benefit  exercise  irresistible  as  a Ph.D. 
topic  in  that  it  entails  a relatively  low  order  of  thought  and  readily 
piraduces  the  requisite  number  of  charts  and  tables.  But  I should 
warn  them  of  the  bocaierang.  Today's  students  are  tomorrow's  policy 
makers  and  resource  managers.  If  we  teach  then  to  function  as  knee 
jerks,  responding  in  reflex  fashion  to  limited  stimuli,  we  cannot 
expect  imaginative  leadership  from  them.  Education,  in  my  book, 
is  a mind- stretching  process.  You,  as  educators  standing  on  the 
threshold  of  a Space  Age  whose  wonders  are  just  beyond  the  reach  of 
our  minds,  have  a unique  challenge  and  opportunity  --  to  participate 
in  the  process  of  technology  transfer  so  that  the  view  from  space 
will  bo  utilized  to  serve  mankind  beneficially. 
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THE  ATTRIBUTES  OF  A WELL-TRAIHED  REMOTE  SENSING  TECHNOLOGIST 


John  E.  Estes 
Oepartaient  of  Geography 
University  of  California,  Santa  Barbara 


Introduction 

Having  been  asked  to  prepare  a paper  on  the  attributes  of  a well 
trained  remote  sensing  technologist,  there  Is  a great  temptation,  I must 
admit,  to  describe  the  renaissance  man,  a "man  for  all  seasons."  who  Is 
all  things  to  all  people.  The  reason  behind  this  temptation  Is  the  basic 
realization  of  the  breadth  of  physical,  biological,  and  socioeconomic 
information  en*>od1ed  In  or  better,  which  can  be  gained  through  appropriate 
application  of  manual,  automated  and/or  for  want  of  better  terminology, 
machine  assisted  remote  sensing  data  analysis  techniques  today.  One  has 
only  to  examine  The  Manual  of  Remote  Sensing  (Reeves,  1975),  a work  of  over 
two  thousand  pages  by  some  350  authors,  and  then  realize  how  far  we  ha\« 
come  since  this  material  was  put  together  to  see  some  of  tiie  problems. 

Basically,  how  much  breadth  and  to  what  depth  should  the  ren»te  sensing 
technologist  be  trained  In  his  chosen  field?  Even  more  critical  for 
educators,  how  can  we  Identify  those  Individuals  with  potential  In  an 
early  stage  of  their  academic  career? 

These  were  sane  of  w thoughts  In  putting  together  this  paper.  However, 

In  preparation  for  this  conference.  In  an  attenpt  to  structure  Wie  Invited 
papers,  Robin  Welch  provided  each  selected  author  with  a nonber  of  questions 
related  to  the  theme  he/she  was  asked  to  expand  upon.  My  questions  wwt  like 
this: 

III.  Attributes  of  a Well  Trained  Remote  Sensing  Technologist  (60  minutes) 
A.  khat  are  the  factors  an  employer  looks  for  in  evaluating  a 


cftfldidatt  for  tn|}1oyiiient»  vdtethar  as  a ttacher,  data 
collector,  data  analyst  or  processor  or  graphic  tech- 
nician? 

B.  What  ara  the  basic  skills,  their  priority  and  relative 
lR|H)rtance  for  various  Job  descriptions  and  Mhat  are 

some  of  the  specialization  nom  being  requested  by  onployers? 

What  air^  the  Meeknesses  noted  by  eiqjloyers? 

C.  What  type  of  t^rk  or  research  experience  In  both  acad^nlc 
training  and  "apprenticeship"  Is  desirable? 

0.  What  type  of  Individual,  his  goals  and  personality  (from 
the  standpoint  of  motivation)  should  be  recruited  for 
training  to  be  a renote  sensing  technologist? 

E.  What  are  some  of  the  basic  approaches  available  to  faculty 
members  to  recruit  and  train  these  Individuals? 

F.  Should  m take  discipline-oriented  students  and  train  them 
In  remote  sensing  or  remote  sensing  specialists  and  train 
them  In  a necessary  discipline? 

6.  There  Is  a difference  between  a technician  and  a technologist. 
Hom  should  academia  meet  the  needs  of  both? 

Each  of  these  questions  commands  an  answer  rdilch  could  be  a full  paper  In 
Its  own  right.  A number  have  significant  basic  philosophical  points  eni>edded 
In  them  which  have  been  and  are  t»1ng  argued  to  this  day  (e.g.  are  universities 
mainly  training  students  to  go  out  and  get  jobs,  or  should  we  be  principally 
CMicemed  with  training  students  to  think,  though  frankly,  I believe  the  two 
not  as  mutually  exclusive  as  many  of  iqy  colleagues  appear  to).  Suffice  to 
say  that  ! will  not  even  attempt  to  definitively  answer  all  these  questions. 
Incteed,  lay  presentation  will  raise  some  questions  urtilch  are  not  among  those 
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Ilsttd  abovt.  Hy  goal  In  this  paper  Is  to  briefly,  and  not  necessarily  In 
the  order  listed  above,  provide  n]^  perspective  on  the  questions  asked  as  a 
mechanism  for  stimulating  discussions  on  what  I consider  very  1ns)ortant 
concepts  central  to  remote  sensing  education. 

I will  begin  with  a discussion  of  what  employers  are  or  appear  to  be 
looking  for  at  this  time  In  a prospective  erm)1oyee  In  the  area  of  remote 
sensing,  and  follow  this  with  a brief  discussion  of  some  of  the  ways  In  which 
faculty  can  get  students  Interested  In  remote  sensing.  I.  will  then  proceed 
to  a discussion  of  some  of  the  attributes  of  a prime  candidate  with  some 
thoughts  on  what  the  goal  of  his/her  education  can  or  should  bej  concluding 
with,  again,  ^ perspective  on  the  current  status  of  remote  sensing  education 
In  colleges  and  universities. 

What  are  erol overs  looking  for? 

This  section  of  the  paper  provides  a response  to  the  basic  questions: 
what  are  the  factors  an  eiq)loyer  looks  for  In  evaluating  a candidate  for 
eimiloyment,  whether  as  a teacher,  data  collector,  analyst,  processor,  or 
graphic  technician;  and  what  are  the  basic  skills,  their  priority  and  relative 
Importance  for  various  Job  descriptions;  and  what  are  some  of  the  areas  of 
specialization  now  being  requested  by  employers  and  what  weaknesres  are  rated 
by  employers. 

The  reader  will  readily  appreciate  the  all  encompassing  nature  of 

these  questions  and  the  difficulty  of  presenting  within  this  limited 

discussion,  detailed  answers.  However,  In  order  to  fonmjiate  an  adequate 

response  to  these  questions,  a telephone  survey  of  about  thirty  Individuals 

was  conducted.  These  Individuals  represented  a cross  section  of  academic, 

governmental  and  private  Industry.  All  were  potential  om>loyers  of  individuals 
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with  training  In  r«i»te  aensing.  What  energed  fr(Mn  this  survey  was  the 
expression  of  a nearly  unanimous  preference  for  strong  discipline  or 
applications  oriented  background  with  sane  training  In  reimte  sensing;  as 
opposed  to  a person  specifically  trained  to  be  a remote  sensing  specialist. 
In,  addition,  many  respondents  expressed  the  desire  for  the  prospective 
employee  to  have  achieved  an  understanding  of  the  basic  geometry  of  the 
aerial  perspective.  Finally,  In  general,  all  those  surveyed  expressed  the 
desire  for  that  attribute  which  I believe  every  ens)1oyer  looks  for:  a high 
degree  of  motivation  • that  Is,  a genuine  Interest  In  the  task  at  hand. 

Within  Industry  today,  few  companies  which  focus  on  remote  sensing 
offer  what  might  traditionally  be  described  as  specialist  positions.  Most 
Individuals  fron  cons>an1es  In  the  private  sector  contacted  expressed  their 
preference  for  hiring  discipline  oriented  specialists  who  have  acquired 
basic  skills  In  remote  sensing.  Inis  with  the  notable  exception  of  those 
flms  eim)loy1ng  photogrammetrlsts  or  photogrammetric  technicians.  Most  firms 
also  express  a strong  preference  toward  training  In  the  use  of  aerial 
photography  although  several  stated  that  this  Is  beginning  to  change;  and 
the  rate  of  this  change  appears  to  be  accelerating.  Industry  Is  a large 
buyer  of  digital  data  from  the  EROS  data  center  In  Sioux  Falls,  South  Dakota, 
and  power  and  mineral  con^anles  are  buying  thermal  Infrared  and  active 
microwave  data.  As  the  use  of  these  types  of  data  continues  to  grow  and 
more  sophisticated  techniques  for  extracting  relevant  Information  are 
developed  and  begin  to  be  employed,  I believe  we  will  continue  to  see 
changes  occurring  In  the  criterion  upon  which  employees  are  evaluated  to  more 
of  a balance  between  discipline  and  technique  specialisms  and  conventional 
photo  Interpretation  to  more  sophisticated  multi sensor/autonated  Image 
analysis  backgrounds.  Indeed,  In  the  future  we  nay  see  the  two  separate 


106 


as  eoflipanits  begin  to  focus  on  a team  approach  to  addressing  c’iscipllne 
oriented  probi (MS  with  a coo^lnatlon  of  Individuals  with  various  skills 
and  backgrounds.  In  some  conq)an1es  this  has  already  begun  to  occur, 
however,  the  level  and  ultimate  value  of  the  contribution  of  a true  remote 
sensing  specialist  has  not  been  fully  developed  let  alone  evaluated  within 
this  context  to  my  knowledge  as  yet. 

Agencies  of  the  federal  government  employ  a large  percentage  of  what 
could  be  termed  remote  sensing  specialists.  Many  of  these  Individuals  are 
recruited  after  receiving  college  training  In  any  of  a number  of  earth 
science  oriented  disciplines  or  having  had  some  military  training  for  jobs 
as  Image  Intelligence  analysts.  Federal  agencies,  with  the  possible 
exception  of  those  eimiloylng  the  type  of  analysts  pursuing  either  research 
or  applications  In  remote  sensing,  such  as  the  National  Aeronautics  and 
Space  Administration  are  strongly  oriented  to  again  employing  discipline 
specialists  with  remote  sensing  as  a highly  desirable,  attractive  skill. 

These  agencies  are  examining  ways  remote  sensing  can  help  them  fulfill  their 
mandated  responsibilities.  As  such  they  often  have  few  avenues  open  to 
them  for  testing  the  value  of  new  techn1()ues  and  methodologies  even  vdien 
the  knowledge  of  their  potential  reaches  key  decision  makers.  Based  on  tny 
perspective  I see  the  current  situation  with  respect  to  goverwnent  employ- 
ment of  Individuals  with  remote  sensing  backgrounds  continuing  In  the  current 
mode  for  the  forseeable  future.  That  Is,  an  emphasis  on  employing  Individuals 
with  discipline  oriented  training  who  have  acquired  some  facility  with  remote 
sensing  techniques  and  methodologies. 

In  education  there  are  basically  two  overlapping  levels  of  employment 
for  Individuals  with  a r«note  sensing  background:  teaching  and  research. 

Most  Individuals  who  teach  remote  sensing  courses  have  a discipline  focus. 
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t.g.,  ^logy*  fortstr^.  ^ography*  angliMtrlng,  ate.  Ilils  Is  In  a larga 
part  dm  to  the  evolutlw  of  renote  sensing  courses  within  these  traditional 
acaC^lc  depart^fits.  It  has  only  been  In  the  last  few  years  ttat  IndlvIdiMls 
at  a msnber  of  Institutions  have  begun  to  recognize  remote  sensing  as  a 
specialty  wor^  of  ttegree  e^asls.  As  yet  to  knowledge*  ^ere  are  no 
DeiMrtments  of  RMiote  Sensing,  however,  as  will  be  discussed  In  more  detail 
In  the  c(mc1us1on  of  this  pafwr,  this  prospect  may  not  be  as  far  fetched  as 
many  of  us  currently  tel leva. 

Another  area  of  ^loyment  for  Individuals  with  remote  sensing  skills 
In  acadnnla  is  In  funded  research.  A gcod  teal  of  the  workload  in  funded 
research  In  rmott  sensing  In  academic  institutions  Is  carried  out  by  either 
professional,  graduate,  or  undergraduate  researchers  who  are  M^loyed  In 
nonteaching  positions.  These  Individuals  often  bu<;  not  always  have  tee 
discipline  orientation  of  the  departments  wherein  their  research  appointments 
reside.  Indeed,  In  *ny  opinion,  some  of  the  test  research  organizaticms  within 
academia  are  those  which  employ  Individuals  with  a mix  of  backgrounds  In  a 
team  research  fash1f><n.  The  criterion  of  Individual  members  recruitment  varies, 
but  idiat  Is  often  i«K»ked  for  Is  a particular  match  of  discipline  or  technIqM* 
oriented  skills  wr.fch  have  particular  reference  to  a research  task  at  hand. 
Again,  academic  discipline  or  traditional  technique  oriented  skills  are 
Important  but  too  is  a facility  in  remote  sensing. 

kftat  are  educators  troklnc,  fo»? 

This  section  teals  with  questions  concerning  the  types  of  Itelviduals, 
their  ^1s  and  per$(Mfia11t1es  which  may  make  them  ^d  candidates  for 
training  In  remote  sensingi  and  tew  faculty  meters  recruit  and  train  teM. 
These  are  the  questions  put  to  me.  It  Is  difficult  for  me  to  provide  guidance 
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In  this  am.  Other  than  ImsIc  "God*  mother  and  apple  pie"  statemants 
concerning  the  roles  and  philosophy  of  education  as  applied  to  remote 
SMsIng  such  as: 

* Give  the  student  his  true  Intellectual  nioneys'  worth; 

* Teach  well  structured  classes  and  provide  meaningful 
laboratory  exercises; 

* Convey  a sense  of  enthusiasm  for  the  subject  matter; 

* Let  the  student  know  that  in  remote  sensing  both  the 
basic  and  applied  research  frontier  Is  very  close  to  the 
classroom;  and 

* That  remote  sensing  offers  a powerful  tool  to  upgrade  their 
iMKterstandlng  of  many  courses  In  the  natural  and  environmental 
sciences. 

If  an  Instructor  Is  successful  In  truly  accomplishing  all  the  objectives 
sta^  abo\^»  word  concerning  his/her  class  will  get  around  and  the  first 
step  In  ^termini ng  vdio  the  prime  candidates  are  will  be  accomplished 
("First  you  have  to  get  them  In  the  door").  Yet,  how  does  an  Instructor 
know  wNn  he  Is  truly  accomplishing  the  abo^?  Accurate  precise  metN>ds 
of  evaluating  Instructor  performance  Is  the  holy  grail  of  education;  much 
sought  but  never  attained.  My  answer  Is  that  you  can  never  be  sure  and 
must  c(W)t1nually  strive  to  Inq^rove  and  to  do  your  best  within  the  limitations 
of  the  system  within  which  we  ail  operate;  committee  meetings,  administra- 
tion and  all.  One  certain  Indication  Is  class  size.  Here*  by  the  reports  I 
have  received  from  many  of  you  attending  this  conference*  eltiwr  we  or  our 
si^Ject  (I  prefer  to  believe  It's  both)  must  be  doing  something  right.  At 
a number  of  Institutions,  demand  for  basic  courses  Is  outstripping  departmental 

resources  needed  to  effectively  ..«ndle  them.  We  must  be  careful  here  that  a 
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disira  Ml  tiw  part  of  tOM  dtpirtiitnt  htadi  and  adinlnlttralors  for  "body 
countt"  doti  not  laad  us  to  coiNprosilst  on  tha  basic  raqulranants  of  our 
studants*  i^ta  sansfng  coursas  damand  a high  dagraa  of  activa  faculty 
studant  contixt.  If  classas  arc  large  enough,  teaching  assistant  support 
should  be  provided  to  that  stutents  can  have  tha  opportunity  to  affactivaly 
Interact  with  Individuals  who  are  well  tralMd  and  can  efficiently  help 
lead  than  up  the  learning  curve. 

I have  bean  asked  about  tha  type  of  Individual  who  would  make  a ««11 
trained  ranota  sensing  technologist?  Again  soma  general  statements  could 
be  nada  concerning  the  Individual  possessing  an  appropriate  nix  of  physical 
and  mental  characteristics  In  terms  of:  visual  acuity  or  the  ability  to 

distinguish  t«)e  or  brightness  levels;  ability  to  perceive  parallax;  a 
capability  to  distinguish  color  and  fineness  of  detal 1 and  who  displays 
a resistance  to  visual  fatigue.  Along  with  these  attributes  ^s  mental 
acuity  In  terns  of:  patience;  Judgement;  the  ability  to  work  accurately; 
and,  a quick  problem- solving  oriented  mind.  On  top  of  these,  my  prime 
candidate  would  have  to  have  some  mix  of:  Initiative;  perserverance; 
resourcefulness;  enterprise;  curiosity;  Ingenuity  and  motivation.  I am 
sure  Mny  of  j^u  could  aM  to  these  lists,  but  we  should  all  be  awai^  of 
the  plain  truth;  a prime  attribute  of  the  true  candidate  Is  that  he/she 
wants  to  be  a remote  sensing  technologist.  Thnt  he/ she  has  the  desire  and 
takes  the  Initiative  to  secure  the  position.  The  bottem  line  l^re  as  It  were. 
Is  that  the  best  remote  sensing  technologists  tend  to  select  themselves.  We 
may  give  thM  the  importunity  and  help  them  along,  but  we  as  educators  cannot 
(k>  It  for  th«B.  Unless  they  possess  the  background  experience  and  prepare 
themselves  to  take  advantage  of  an  opportunity  to  demonstrate  their  potential 
there  Is  a limit  to  what  we  as  educators  can  do. 
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It  Is  hoMever,  fniHirUnt  here  that  Me  as  educators  to  s&m  extent 
reflect  back  on  what  I teve  discussed  earlier  as  we  look  at  what  attributes 
^foyers  !<»}k  for  In  our  students.  As  such,  we  should  atteqst  to  make 
our  students  aware  of  these  desires  and  to  some  extent,  as  many  If  not 
Bfflst  of  us  already  have,  to  structure  our  curricula  to  provide  our 
candidate  mmte  sensors  with: 

* Strong  backgrounds  in  a specific  discipline  or  application 
areas. 

* Solid  basic  training  In  aerial  photographic  Interpretation; 
and  insure  that  they  are  fully  capable  of  extracting 
Information  from  all  types  of  imagery  both  analog  and  digital. 

* That  they  have  the  opportunity  to  have  some  form  of  hands  on 
conqjuter  Image  processing  experience  with  Landsat  data,  and 
not  be  shy  at  all  of  operating  with  corujuter  systans. 

* And  that  they  receive  a broad  exposure  to  many  types  of  remote 
sensing  data  (TIR,  microwave,  etc.). 

In  addition  these  Individuals  should  get  an  appropriate  amount  of  experience 
In  the  following  areas: 

* Project  planning 

* The  role  of  field  work,  Including  specific  techniques  and 
nwthodologles  of  ground-truth  data  collection 

* Physics  of  electromagnetic  energy 

* Systems  design 

* Statistical  techniques 

* Cartography  and, 

* Information  systems 

Finally,  one  thing  we  may  also  all  agree  on  Is  that  there  Is  no  substitute 
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for  hands  on  experience.  I believe  that  hands  on  experience  Is  essential  In 
the  training  of  a r^te  sensing  technologist.  Most  remote  sensing 
educators  1 know  would  agree  that  as  much  If  not  nx>re  education  can  go  on 
outside  the  classroom  as  within.  That  apprenticeships*  Internships*  research 
assistantships  or  even  teaching  assistantships  are  Important  and  extremely 
popular  methods  of  furthering  a prime  candidates'  education  In  remote  sensing. 
This  basic*  applied  or  pedagogic  experience  can  serve  to  fill  the  gap 
between  academic  and  fully  applied  remote  sensing  work.  It  Is  my  feeling 
that  just  as  we  Improve  our  Interpretation  capability  by  Interpreting  as 
many  Images  as  often  as  possible*  exposure  to  a wide  range  of  experiences 
Is  an  excellent  attribute  In  the  background  of  the  well  trained  remote 
sensing  technologist.  The  critical  question  which  I have  not  answered  and 
which  Is  beyond  my  ability  to  answer  here.  Is  who  of  us  Is  truely  capable 
and  competent  to  provide  this  full  range  of  opportunities  to  those  students 
who  truely  desire  to  become  well  trained  remote  sensing  technologists.  This 
leads  me  to  my  concluding  remarks. 

Conclusion 

We  are  faced  today  with  an  explosion  of  knowledge  i.n  all  fields.  This 
Increase  In  Information  relative  to  many  disciplines  is  creating  problems 
within  curricula  at  many  Institutions.  How  do  we  provide  our  students  with 
a basic  "general  education"  while  still  preparing  them  with  sufficient  back- 
ground In  a particular  area  to  function  efficiently  if  employed  in  that  area. 
This  Is  certainly  true  If  not  more  so  If  we  examine  the  conflict  this  creates 
for  reiTOte  sensing. 

Basically*  we  have  a proliferation  of  knowledge  concerning  basic  physical 
concepts*  systems,  Interpretive  techniques*  and  applications.  The  growing 
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knoMledge  Is  creating  probl^ns.  The  question  arises:  how  does  an  Instructor 
adequately  cover  such  topics  as; 

* Basic  Interpretation  and  measur^ient  techniques 

* Hie  physics  of  electrbmagnetic  ener^ 

* Itecording  and  analysis  of  data  for  advanced  sensor  systems 

* The  range  of  applications  ixitentlal  of  sensor  systems 

* Future  sensor  and  analysis  systems  and  capabilities 

In  one,  two,  or  even  three  courses.  What  of  the  students'  need  for  a 
background  In  physics,  Image  processing,  statistics,  cartography,  and  so 
on.  All  of  this  leads  to  the  basic  d1choton\y  remote  sensing  in  colleges  and 
universities  throughout  the  country  are  already  or,  I believe,  will  shortly 
be  finding  themselves;  that  Is: 

* Remote  sensing  Is  rapidly  approaching  a state  of  technology 
and  a body  of  coherent  knowledge  and  theory  to  be  viewed  as 
a discipline  In  and  of  Itself;  yet, 

* Nearly  all  of  those  Individuals  when  asked  what  type  of 
background  they  would  look  for  in  the  hiring  of  a remote 
sensor  said  they  would  like  a person  with  a strong  applications 
oriented  or  disciplinary  background  with  some  training  in 
remote  sensing. 

As  a geographer,  let  me  elaborate  on  this  topic  by  providing  some  background 
on  the  similarities  between  the  status  of  remote  sensing  and  cartographic 
education.  Cartography  and  remote  sensing  in  /^rlcan  colleges  and 
universities  both  find  their  principal  pedagogic  home  in  geography,  especially 
in  the  case  of  cartography.  Both  fields  share  with  geography  a central 
concern  with  developing  an  understanding  of  the  significance  of  spatial 
patterns  on  the  earth's  surface.  Courses  in  cartography  and  remote  sensing 
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In  geography  are  offered  principally  In  departments  large  enough  to 
offer  at  least  an  undergraduate  major  In  the  field.  Such  courses  serve 
as  a broad  Introduction  to  the  fields  and  usually  entail  a mix  of  theory 
and  practice  appropriate  for  their  liberal  arts  base  of  operations.  Both 
remote  sensing  and  cartography  are  regarded  rightly  or  wrongly  as  tool  or 
technique  subjects  and  their  continued  presence  In  the  curriculum  Is 
testlimmy  of  their  perceived  utility.  In  the  past  few  years,  courses  and 
programs  In  these  fields  In  geography  departments  around  the  country  have 
Increased,  especially  so  In  the  case  of  remote  sensing  (Estes  and  Thaman, 
1974;  and  Estes,  Jensen  and  Simonett,  1977). 

A number  of  differences  between  cartography  and  remote  sensing  are 
notable.  Cartography  Is  a field  ancient  In  ancestry  and  very  broad  In  Its 
scope.  Remote  sensing  Is  obviously  a youthful  field.  Yet,  In  many  ways  It 
It  equally  as  abstract  and  approaching  the  breadth  of  scope  of  cartography. 
Cognitive  Identity  has  been  achieved  recently  for  cartography  and  there  are 
beginning  to  be  Indications  that  remote  sensing  is  moving  rapidly  towards 
separate  Identity  as  a discipline  as  well  (Dahl berg  and  Estes,  in  press). 

If  we  accept  this  premise  that  remote  sensing  appears  to  be  rapidly 
approaching  a state  of  technological  diversity,  having  a coherent  body  of 
knowledge  and  theory  sufficient  to  demand  a separate  curriculum  and  to  be 
considered  a discipline  In  and  of  itself;  then  how  can  we  as  educators 
continue  to  reconcile  this  with  the  responses  of  potential  employers  when 
asked  what  types  of  skills  they  look  for  in  hiring,  overwhelmingly  state  a 
preference  for  a person  with  a strong  applications  or  disciplinary  background 
with  some  training  In  remote  sensing.  How  should  we  approach  this  dichotomy, 
the  reconciliation  of  a perceived  need  for  more  education  in  a particular 
area  with  the  preference  of  the  job  market  for  disciplinary  skills  coupled 
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with  technical  facility?  This  Is  a matter  then  for  active  debate  and 
Indeed  Is  part  of  the  classic  ongoing  debate  In  education  In  this  country. 

The  central  Issue  revolves  around  vrtiat  the  role  of  education  should  be. 

Should  we  be  training  students  to  assume  their  place  In  the  Job  market  with 
employable  skills  or  should  we  be  teaching  people  to  “think?"  Put  In  other 
terms,  should  we  be  training  technicians  or  educating  technologists  (the 
term  technologist  Is  used  here  as  being  synonon»us  with  professionals). 

While  not  admitting  that  these  two  thrusts  either  have  to  or  should  be 
different,  let  us  examine  and  attempt  to  ansi^r  the  question  In  the  light 
of  the  reality  of  remote  sensing  education  today.  The  living  Webster 
Encyclopedic  Dictionary  of  the  English  Language  defines  "technician"  as: 
one  highly  trained  in  the  technicalities  of  a subject,  profession,  or 
occupation;  one  skilled  in  the  technique  of  an  art.  "Technologists"  Is 
defined  In  the  same  source  as  a noun  under  "technology"  which  Is  defined  as: 
the  branch  of  knowledge  that  deals  with  the  industrial  arts  and  sciences; 
the  utilization  of  such  knowledge;  the  knowledge  and  means  used  to  produce 
the  material  necessities  of  society.  Training  technicians  then  implies  a 
vocational  orientation,  while  educating  technologists  Implies  a more  abstract 
or  theoretical  orientation.  In  essence,  the  d1choton\y  Is  akin  to  foresters 
training  technicians  to  measure  trees  and  educating  technologists  to  manage 
forests.  This  would  be  similar  to  cartographers  teaching  technicians  to 
draw  maps  and  educating  professionals  (technologists)  to  convert  spatial 
concepts  Into  maps. 

Remote  sensing  education  at  the  college  and  university  level  in  the 
United  States  today  Is  basically  technology-oriented.  This  may  be  in  part 
a reflection  of  where  such  courses  are  taught;  mostly  in  Institutions 
offering  advanced  degi^es  where  a possible  combination  of  tradition,  personal 
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pfiferences,  knowledge  of  the  current  market  for  students,  and  perhaps  peer 
prassure  have  confined  to  produce  the  current  situation.  In  essence,  true 
vocational  education  In  renote  sensing  Is  virtually  nonexistent  at  the  college 
and  university  level  In  the  United  States.  What  does  this  situation  hold  for 
tt%  futuf^  of  the  well  trained  renOte  sensing  technologist?  Only  time  will 
till.  I will  close  on  a positive  note,  however,  and  hope  I will  be  forgiven 
for  again  going  back  to  call  on  references  to  my  discipline- geography. 

There  Is  and  will  likely  continue  to  be  a good  job  market  for  students 
with  a strong  disciplinary  orientation  and  a good  background  in  remote  sensing. 
There  Is  a small  but  grwlng  denand  for  trained  rwiote  sensing  specialists. 

This  demand  should  continue  to  expand,  and  remote  sensing  educators  should  be 
roady  to  meet  the  challange.  H.  V.  B.  Kline,  Or.,  writing  on  the  prospects 
for  air  photo  interpretation  In  Arerican  Geography  Inventory  and  Prospect, 
quotes  John  E.  Kesstli  as  saying,  “Only  In  departments  so  sufficiently  staffed 
to  consider  all  parts  of  the  geographic  field  can  it  be  expected  that  air 
photography  has  found  or  nay  find  its  due  consideration  as  a research  field." 
Furthermiore,  the  student  "...is  Inclined  to  neglect  field  and  laboratory 
courses  which  provide  a training  in  the  gathering  and  interpretation  of  infor- 
mation, hoping  that  his  problem  will  take  care  of  itself  when  the  time  for 
independent  research  arrives."  {Kline,  1954).  Hopefully,  in  geography,  at 
any  rate,  this  situation  is  changing. 

Reiwjte  sensing  1s  a reality  within  geography  whose  time  has  ccwie.  It 
is  too  powerful  a tool  to  be  Ignored  in  termis  of  both  Its  information 
potential  and  the  logic  Implicit  in  tte  reasoning  process  employed  to 
analyze  the  data.  When  applied  with  the  traditional  cornerstone  of  geography, 
i.e.,  cartography,  in  its  new  digital  raiment,  the  two  techniques  can  go  far 
beyond  being  n«re  technologies.  We  predict  they  could  change  our  perceptions. 
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methods  of  data  analysis,  models,  and  our  paradigms.  This  process  has,  to 
some  extent,  already  begun.  The  Intact  upon  applications  on  the  physical/ 
environmental  side  of  geography  Is  being  felt,  but  the  full  potential  for 
cross  fertilizing  synergism  can  enrich  not  only  both  the  basic  and  applied 
sides  of  geography,  but  all  of  science  as  well.  But  this  will  be  realized 
only  If  a larger  share  of  the  economic  and  social  scientists  make  more  use 
of  the  technique.  And  only  If  acadenics  aggressively  seek  the  research 
funding  required  to  demonstrate  the  magnitude  of  the  promise  held  In  remote 
sensing  In  these  areas  and  train  their  students  accordingly.  It  Is  iny 
feeling  that  In  this  way  we  as  educators  In  any  discipline  will  truly 
produce  well  trained  remote  sensing  technologists. 
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A MULTIDISCIPLINARY  APPROACH 
TO  REMOTE  SENSING  EDUCATION 
Philip  N.  Slftttt 

Chainan,  Comittae  on  Reaoto  Sensing 
Professor,  (^tical  Sciences 
University  of  Arizona 

The  problems  that  distinguish  remote  sensing  education  from  the  great 
majority  of  educational  programs  are  related  to  its  aultidisciplinazy 
nature.  Most  of  us  as  stialents  and  teadiers  have  chosen  one  particular 
subject  as  our  specialty.  In  some  cases  we  were  genuinely  attracted  to  it, 
and  in  otiier  cases  it  was  the  least  of  a number  of  evils  that  confronted  us 
as  undergraduates.  In  the  good  old  days  of  twenty  or  Mre  years  ago,  sci> 
ence  students  who  abhorred  mathematics,  for  exai^le,  could  choose  a program 
of  study  in  which  they  could  entirely  avoid  any  contact  with  the  stbject. 
Nowadays,  such  study  programs  are  relatively  uncooaaon  and  not  frequently 
recommended.  The  main  reason  is  that  throughout  science  there  has  been  a 
marked  increase  in  the  auttssated  acquisition  of  data,  and  as  a consequence, 
the  amount  of  data  produced.  To  make  effective  use  of  the  increased  data 
volume,  the  modem  scientist  has  to  be  familiar  with  data  handling  and  sta- 
tistical analysis  procedures,  idiich  involve  the  use  of  digital  con^uters . 
Without  a basic  knowledge  of  mathematics  and  the  ability  to  program  a compu- 
ter the  young  scientist  can  rarely  survive  successfully.  The  older,  well- 
established  scientist,  particularly  the  teacher  of  traditional  remote 
sensing  methods,  can  survive  with  difficulty  and  this  I should  es^hasize  can 
create  problems  in  providing  a well-rounded  education  to  present-day  students. 

Remote  sensing,  by  the  nature  of  its  extraordinary  breadth  and  its 
rapid  evolution  during  the  past  decade,  presents  to  the  teacher  and 
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student  e sore  fonidable  in  this  respect  then  do  conventional 

imiversity  disciplines.  To  Mqdiasite  this  point,  let  ne  refer  to  figure  1, 
which  I call  the  Reiote  Sensing  Cycle.*  Here  we  see  a ground  area  that  say 
be  exnsined  froa  ground  level  or  fros  aircraft  and  satellite  altitudes. 

The  data  fros  the  satellite  smsor  are  c<»Bonly  converted  to  a digital  fon 
and  teloMtered  to  earth.  At  the  ground  receiving  station,  these  data 
are  recorded  on  mgnetic  tape  in  a conimter  conpatible  format.  The  cos|ni- 
ter  can  be  used  to  correct  geonetric  and  radi<»ietric  errors  in  the  data, 
suppress  spurious  noise,  eiUiance  iaage  contrast,  correct  for  atsospheric 
effects,  sharpen  «lge  profiles,  and  ratio  the  images  frimi  different  spectral 
bands.  Processed  image  data  can  th«n  be  classified  by  the  coaputer  using 
supervised  and/or  unsupervised  clustering  techniques.  At  this  stage  the 
use  of  collateral  data  can  i^rove  the  accuracy  of  the  c<»puter  classifica- 
tion. Such  collateral  data  my  be  in  the  form  of  tipographic  «id  lud  use 
naps  or  earlier  images  of  the  same  ground  area  that  give  clues,  based  for 
example  on  crop  cycle,  regarding  the  crops  planted  in  certain  fields.  The 
classified  groimd  scene  information  may  then  be  used  for  a nuadier  of  differ- 
ent purposes.  First,  it  may  be  used  for  ^damental  and  applied  studies,  as 
in  the  agricultural  and  earth  sciences.  Second,  it  can  form  the  basis  for  a 
study  of  the  improvement  in  the  accuracy  of  the  classificatIon--a  study  that 
will  need  the  cooperation  of  the  sensor  system  engineer,  the  atmsphn’ic 
physicist,  and  the  iaage  processing  and  Information  extraction  specialist. 
Third,  the  data  can  be  used  in  a predictive  model  of,  for  exasple,  crop 
production,  in  craijunction  with  other  data  from  weather  satellites  regarding 

‘From  Remote  Sensing;  Optics  and  Optiml  Systems,  by  P.  N.  Slater, 
Addison-Wes ley  Publishing  ^^umy.  Advance  Book  Progrwa,  Reading,  Hass. 
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FIGURE  1.  THE  FLOW  OF  DATA  AND  INFOWATION  IN  THE  REHOTE  SENSING  CYCLE 
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! soil  typt  tnd  nutrimt  contmt,  ttc.  Poiir^*  tht  data  can  ba  ua^  im  th9 
study  of  sttdi  aoiils  in  ordtr  to  iaprove  the  model  designs  uith  re^^t  to 
tiheir  mseamcy  Md  mli^illty. 

I FbuUiy.  t)m  ou^at  firoii  the  model,  or  infonmtim  obtained 
i directly  Aram  ^ teta  ebtatoi^  by  remote  sensing,  is  tton  us^  by  isderal, 
i staM,  a^  local  plM|^ng  mi  iforcwmwit  i^ieies  ior  tiwAr  ^erticvlar 
I purpoMs.  Xt  can  sAira  be  used  by  private  in^^,  for  esumple,  in  tto 
> explonttion  fbr  idiwml  and  oil  irasotorces,  md  by  International  piracies 
for  pr^ietiig  regional  f^  shortages,  etc. 

If  this  remote  tensing  cycle,  fr^  data  coMection  to  resou»e 
I mMiafemmit  decisioi,  is  to  work  effectively,  there  has  to  be  a close  under- 
standing and  commsiieation  bet%raen  the  various  specialists  involved.  Systems 
engineers  in  optics,  spacecraft,  telemetry,  data  formating,  iaage  processing, 
scene  classificaticm,  and  modeling  technl<|ues  are  needed  along  with  atmos- 
pheric and  eartii  scientists  of  all  types  and  the  staffs  of  res«£rce  planning 
and  enforcement  agencies.  Ideally,  the  resource  manager  should  be  fully 

i 

i 

I fudliar  with  the  quality,  and  pceptioulecrty  the  ehortomlnge,  of  the  inferma- 

1 

f tim  he  receives  ttom  a remote  smsing  system.  He  needs  to  be  able  to 
I coamaiicate  at  a high  technical  level  with  all  the  scientists  mid  engineers 
\ idio  psovide  the  various  specialized  steps  in  the  remote  se^<sing  cycle, 
i Similarly,  it  is  iafortant  for  the  other  specialists  to  have  a broad  under- 
i standing  of  all  the  st<^s  in  the  cycle.  It  is  thrmigh  such  an  understanding 

i 

i that  ispravements  in  the  overall  system  can  be  adiieved. 

Let  me  give  two  illustratiiMs  of  the  consequences  of  a lack  of 
imderstandlng.  The  first  illustration  ir  a simple  hypothetical  esasqple. 

A scientist  working  for  the  Food  mid  Agriculture  Organization  (FAO)  of  the 
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Ulittd  ItetiMis  dA‘;0nines  he  could  distribute  needed  food  supplies  to  a 
certain  mntry  in  a tinely  Mumer  if  he  knew  of  the  iupending  failure  of 
the  lain  cn^  of  tiiat  eotaitry  a week  earlier  than  ctnrrmt  resmte  sensing 
te^iques  allowed.  A tmiversity  researdter  has  determined,  frai  a cax«- 
fUlly  ccHitrolled  e3q»eri»ent  involving  reflectance  aeasureaents  in  a lab- 
oratoxy  spectrt^otraeter,  that  the  onset  of  crop  failinre  con  be  determined 
from  a spectral  reflectance  chan^  of  0.1%.  The  FAO  scientist  learns  of 
this  result  and  talks  to  imge  processing  and  scene  classificatim  experts 
and  le«ms  frmi  them  that  they  could  provide  this  information  if  the  sensor 
data  had  a signal-to-noise  ratio  sufficient  to  provide  a noise  equivalent 
reflectMice  difference  (NE&p)  of  0.1%.  Current  sensors  yield  a NEAp  of 
0.4%  so  he  requests  that  a system  be  designed  to  achieve  this  improved 
performance.  The  improvement  over  the  current  system  is  sid>stantial:  the 
<^tics  have  to  be  two  F*stops  faster  and  the  image  quantization  has  to  be 
increased  from  8 to  10  bits  per  pixel.  The  optical  and  telemetry  modifica^ 
tlcms,  including  changes  to  the  ground  receiving  stations,  increase  the 
cost  of  the  system  from  $15  million  to  $30  million.  The  new  system  is  put 
into  orbit  and  operates  to  specificatim  but  does  not  provide  the  required 
infomtim.  Following  a discussion  with  agricultural  and  atmospheric 
scientists  the  FAO  scientist  finds  that,  in  his  discussion  witn  the  image 
processing  and  scene  classification  experts,  two  critical  factors  were 
overlooked.  One  is  atsx)spheric  variability  and  the  other  natural  scene 
variability.  Both  factors  limit  the  reflectance  difference  that  can  be 
meaningfully  extracted  from  the  data.  The  moral  of  the  story  is  that  a 
$15  million  mistake  could  have  been  avoided  if  any  of  those  involved  in 
the  pr^lem  had  a broader  appreciation  of  remote  sensing  than  that  directly 
cwicemed  with  their  specialty. 
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The  second  illustration  is  real  and  is  provided  by  several  articles 
that  have  appeared  in  the  remote  sensing  literature  in  the  past  year  in 
regard  to  temperature  measurements.  In  reducing  the  data  from  surface 
radiance  measurements  taken  with  radimneters  operating  in  one  or  more  IR 
wavelength  intervals,  the  authors  have  ignored  two  important  facts. 

First,  the  well-known  equation  M » itL  ■ aT**,  relating  radiant  exitance,  M, 
to  surface  radiance,  L,  and  to  absolute  temperature  T,  where  o is  the 
Stephan- Boltzmann  constant,  ppl’i&s  only  to  perfect  blaokbodiee  whiaht 
by  definition,  are  Lambertian  emitters  of  venity  emissivity.  Second,  the 
measurement  has  to  be  made  over  all  wavelengths.  The  first  oversight  con- 
cerns emissivity,  and  it  is  easy  to  show  that  an  uncertainty  in  the  know- 
ledge of  emissivity  of  0.02  (from  0.9  to  0.92)  constitutes  50%  of  the 
change  in  radiance  of  a surface  due  to  a 1 K change  in  temperature.  The 
second  oversight,  regarding  the  wavelength  interval  used,  also  has  a 
substantial  effect  on  the  result.  Depending  on  the  position  and  width  of 
the  wavelength  interval  used,  the  exponent  in  the  equation  can  be  much  higher 
than  4;  for  example,  for  a 300  K surface  measured  in  the  1 to  2 ym  wave- 
length interval  the  exponent  is  about  25.  To  totally  ignore  the  emissivity 
problem  and  to  use  an  exponent  value  of  4 regardless  of  the  wavelength 
interval  used  shows  an  egregious  deficiency  in  the  education  of  the  authors 
and  an  only  too  prevalent  tendency  to  oversimplify  the  reduction  of  data 
collected  by  remote  sensing  systems.  In  fact,  as  a class,  remote  sensing 
measurements  are  among  the  most  difficult  of  any  in  the  physical  sciences 
because  of  the  large  number  of  variables  involved,  many  of  the  variables 
being  unknown  and  some  varying  in  unknown  ways  during  the  course  of  the 
measurement . 


12A 


I hope,  with  the  aid  of  these  examples,  that  I have  sufficiently 
midsized  the  urgent  need  for  a multidisciplinary  approach  to  research 
and  applications  studies  in  remote  sensing.  Before  proceeding  to  describe 
how  we,  at  the  University  of  Arizona,  are  attempting  to  educate  students 
to  be  aware  of  both  the  methods  and  problems  in  remote  sensing,  I will 
describe  some  matters  of  general  philosophy. 

General  Philosoirtiy 

Upon  eid)arking  on  a campus-wide  educational  program  in  remote  sensing, 
we  had  to  answer  several  questions: 

(1)  Should  the  program  be  organized  and  monitored  by  an  existing 
University  department,  a new  department  or  center  of  ren»te 
sensing,  or  a University  committee? 

(2)  Should  the  program  be  directed  toward  undergraduate  or 
graduate  students? 

(3)  If  the  program  is  directed  toward  graduate  students,  should 
■it  lead  to  a Ph.D.  in  remote  sensing? 

The  answers  to  these  questions  depend  on  one's  view  of  the  role  of 
remote  sensing.  The  several  of  us  who  considered  the  questions,  view 
remote  sensing  as  a means  to  several  ends,  not  an  end  in  itself.  Further- 
more, for  any  remote  sensing  activity  (education,  research,  or  application 
stiidy]  to  be  conducted  effectively,  it  should  be  oonduoted  in  a multi- 
disciplinary manner.  To  run  a broad-based  campus  activity  from  a single 
department  or  center  is  difficult  because  of  the  inevitable  political 
problems  that  arise.  To  establish  a new  department  or  center  is  likely 
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to  prove  TOte  divisive  than  constructive,  when  an  atmosphere  of  close 
cooperation  is  needed.  In  answer  to  the  first  question,  then,  it  was 
decided  that  the  educational  program  should  be  organized  and  monitored 
by  a University  Committee  oh  Remote  Sensing. 

Because  of  the  complexity  and  breadth  of  remote  sensing,  we  agreed 
that  the  educational  program  should  be  directed  toward  graduate  students. 
Ifowever,  we  also  agreed  on  the  desirability  of  an  introductory  course 
at  the  undergraduate  level.  We  hope  this  introductory  course  will  whet 
the  student's  appetite  for  more  and  guide  him  in  the  direction  of 
remote  sensing  for  his  graduate  program. 

The  answer  to  the  third  question,  based  on  our  opinion  that  remote 
sensing  is  not  an  end  in  itself,  is  that  there  should  not  be  a Ph.D.  degree 
awarded  in  remote  sensing.  (It  would  have  required  special  approval  from 
the  Board  of  Regents  for  a committee,  rather  than  a department,  to  award 
a Ph.D.  degree.  A request  for  approval  would  not  have  been  consistent  with 
the  above  philosophy  and  we  may  well  then  have  sought  department  or  center 
status.)  We  decided  to  petition  the  University  administration  and  the 
Board  of  Regents  to  allow  the  Committee  to  award  a minor  in  remote  sensing 
as  part  of  a program  where  the  student's  major  was  in  an  applications  or 
techniques  discipline.  This  petition  was  granted  last  year  and  the  program 
is  now  established  at  the  University. 

University  Committee  on  Remote  Sensing 

The  University  Committee  on  Remote  Sensing  comprises  13  members 
representing  10  campus  units  (eight  departments,  a center,  and  an  office) 
and  the  departments  in  turn  represent  six  colleges.  Figure  2 is  a diagram 
showing  the  participating  campus  units  and  Committee  menhers. 


126 


Of  fit*  *f  Art«(  l«mf«  tttf^t«l 
(K.C.  ^oiltrl 


A9>pii%4  Prtfrtni , 

lO.A.  MmMI  I 


Figure  2.  Participating  Campus  Units  and  Commitice  Mcmberi 
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Co^»«d  to  nany  others » the  University  of  Arizona  is  fortunate  in 
having  strmg  progrms  in  reiMte  sensing  techniques.  Pour  of  the  C<»aiittee 
aesd>ers  re^sent  the  techniqiMS  prograas  in  Atmspheric  Sciences,  (^tical 
Sciences,  and  Systeas  Engineering.  The  two  campus  remote  sensing 
ai^licatiims  laboratories,  that  of  the  Applied  Remote  Sensing  Program  and 
the  Laboratory  for  Remote  Sensing  and  Conq>uter  Mapping,  are  represented 
<m  the  Committee  as  shown  in  figure  2. 

University  tourses  and  the  Graduate  Minor  in  Remote  Sensing 

With  the  goal  of  suggesting  courses  for  a graduate  minor,  the  Committee 
on  kew)te  Sensing,  reviewed  existing  courses,  modified  some  to  reduce 
dvq>lication,  and  added  new  courses.  The  courses  are  listed  in  Table  I. 

*' Introduction  to  Remote  Sensing"  (D.  A.  ^fouat)  was  added  as  an  under* 
graduate  course.  In  this  course,  the  more  important  aspects  of  remote 
sensing  are  reviewed,  the  emphasis  being  on  applications.  The  University 
has  a large  vmdergraduate  enrollment  in  the  applications  disciplines,  and 
the  course  is  aimed  mainly  at  them.  (Atmospheric  Sciences  and  Optical 
Sciences  do  not  enroll  students  for  undergraduate  degrees.) 

"Wiysics  of  Remote  Sensing  Measurement"  (P.  N.  Slater)  and  "Image 
Processing  Laboratory"  (R.  A.  Schowengerdt)  are  new  courses  and  are  man- 
datory for  the  remote  sensing  minor.  The  first  deals  with  the  physics  of 
remote  sensing  measurements,  radiometric  principles,  spectroradiometric 
instruments,  the  interaction  of  electromagnetic  radiation  with  the 
earth's  surface  and  the  atiiK)sphere,  and  a description  of  how  remote  sensing 
systems  work.  The  second  course  concentrates  on  the  application  of 
computer  algorithms  for  image  processing  and  classification  purposes. 
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TABLE  I - UNIVERSITY  OF  ARIZONA  COURSES  IN  REMOTE  SENSING 


1 1 

COURSE  TITLE 

i r]  i 1 M 1 • 

INTEROUCIPLINAIIY 

UMDERfiBABUATJE 

INTRODUCTION  TO  REMOTE  SENSING 

D.A. 

MOtMT 

OPTICAL  SCIENCES 

MANDATORY  FOR  MINOR 
PHYSICS  OF  REMOTE  SENSING  MEASUREMENTS 

P.N. 

SLATER 

SYSTEMS  ENG. 

IMAGE  PROCESSING  LABORATORY 

R.A. 

SCHOWENGERDT 

OPTICAL  SCIENCES 

TECHNIQUES  EMPHASIS 

IMAGE  PROCESSING:  DEV I CES> SYSTEMS, APPLICATIONS 

B.R. 

HUNT 

OPTICAL  SCIENCES 

AUTOMATIC  INFORMATION  EXTRACTION,  CLASSIFICATION 

P.H. 

BARTELS 

OPTICAL  SCIENCES 

RADIOMETRY 

W.L. 

WOLFE 

OPTICAL  SCIENCES 

INFRARED  TECHNIQUES 

W.L. 

WOLFE 

OPTICAL  SCIENCES 

PHOTOGRAPHIC  RECORDING  PROCESSES 

P.N. 

SLATER 

OPTICAL  SCIENCES 

COHERENT  OPTICAL  DATA  PROCESSING 

J.D. 

G ASK ILL 

OPTICAL  SCIENCES 

METHODS  OF  IMAGE  RESTORATION  AND  ENHANCEMENT 

B.R. 

FRIEDEN 

OPTICAL  SCIENCES 

OPTICAL  PROPERTIES  OF  THE  ATMOSPHERE  AND  OCEAN 

B.R. 

FRIEDEN 

ATMOS.  SCIENCES 

ATMOSPHERIC  OPTICS  AND  RADIATION 

B.M. 

HERMAN 

ATMOS.  SCIENCES 

RADAR  METEOROLOGY 

L.J. 

BATTAN 

ATMOS.  SCIENCES 

PRINCIPLES  OF  ATMOSPHERIC  REMOTE  SENSING 

B.M. 

HERMAN 

ELECTRICAL  ENG. 

PROPAGATION  OF  RADIO  WAVES 

J.A. 

REAGAN 

CIVIL  ENG. 

APPXiCATIQWS 

PHOTOGRAMMETRY 

H.F. 

HILLMAN 

WATERSHED  M6T. 

PHOTOGRAMMETRY 

P.N. 

KNORR 

WATERSHED  M6T. 

PHOTO I NTERPRETAT ION 

G.S. 

LEHMAN 

AGRICULTURE 

REMOTE  SENSING  IN  AGRICULTURE 

W.O. 

RASMUSSEN 

GEOGRAPHY 

GEOGRAPHIC  APPLICATIONS  OF  REMOTE  SENSING 

D.A. 

MOUAT 

GEOSCIENCES 

APPLIED  REMOTE  SENSING 

R.B. 

MORRISON 

GEOLOGICAL  ENG. 

PHOTOGEOLOGY 

C.E. 

GLASS 

GEOLOGICAL  ENG. 

APPLIED  MULTISPECTRAL  IMAGERY 

C.E. 

GLASS 

Students  are  able  to  use  an  l^S,  three-color  display  coupled  to  a PDP-11/70 
mlni-coaputer  in  interactive  experiments  to  evaluate  for  themselves  th , 
utility  of  the  various  algorithms  available. 

Ihe  12  techniques  courses  listed  in  Table  I are  not  directed  specifi- 
cally toward  earth  resources  remote  sensing  studies.  However,  three  of 
the  eight  applications  courses  with  "renx>te  sensing"  in  their  titles  are 
exclusively  concerned  with  remote  sensing,  as  is  the  course  entitled, 
"Applied  Multispectral  Imagery." 

A student  can  choose  an  emphasis  in  either  applications  or  techniques 
for  his  minor,  provided  he  takes  the  two  mandatory  courses  and  his  program 
receives  Committee  approval.  We  hope  that  students  who  receive  the  remote 
sensing  minor  with  an  applications  emphasis  will  pursue  a program  in  their 
major  that  involves  making  their  own  remote  sensing  measurements  or  using 
remote  sensing  data  collected  by  satellite  or  aircraft  borne  sensors. 

Facilities 

In  my  opinion,  an  obvious  and  vital  need  in  teaching  remote  sensing  is 
a good  set  of  slides  and  the  availability  of  suitable  projection  equipment 
in  the  lecture  room.  Slidv<!s  replace  the  inconvenient  distribution  of  books 
or  photographic  prints  during  the  lecture  or  the  display  of  imagery  to  a 
crowd  of  students  around  a light-table  after  the  lecture.  Surprisingly, 

I know  a number  of  university  lecturers  who  would  never  think  of  giving  a 
colloquium  or  seminar  without  slides  and  yet  would  never  think  of  giving 
a lecture  course  with  slides  I In  these  days  there  are  many  sources  of 
slides  on  remote  sensing  and  there  is  no  excuse  for  not  using  slides 
routinely  in  teaching  remote  sensing. 
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The  other  important  aid  in  teaching  m>dem  remote  sensing  is  a digital, 
color,  interactive  CRT  display.  Increasingly,  the  analysis  of  Landsat  data 
is  being  conducted  directly  with  computer- compatible  tapes  rather  than  from 
the  photographic  product.  There  are  three  reasons  for  this: 

(1)  Film  does  not  cover  the  64-step  dynamic  range  of  the  present 
Landsat  Multispectral  Scanner  (MSS)  response  and  the  MSS  digital 
data  recorded  on  magnetic  tape.  This  will  be  an  even  more 
serious  limitation  with  the  256-step  digital  data  from  the 
Thematic  Mapper.  For  this  reason,  small  reflectance  differences, 
discriminated  in  the  digital  data,  will  be  undiscemible  in 

the  photographic  product  over  the  full  range  of  average 
reflectance  levels  encountered.  Another  consequence  is  that 
quantitative  radiometric  data  are  of  poorer  quality  when 
recorded  and  extracted  from  a film  record  than  from  magnetic 
tape.  Automated  scene  classification  work  can  then  be 
conducted  more  accurately  with  digital  rather  than  photographic 
data  as  the  input. 

(2)  The  Thematic  Mapper  and  other  future  systems  will  have  pixel 
areas  roughly  7 to  28  times  smaller  than  the  pixel  area  of  the 
MSS.  This  will  increase  the  usefulness  of  future  satellite 
data  and  decrease  the  relatively  high  present  importance  of 
photographic  remote  sensing  from  aircraft. 

(3)  Image  data  in  digital  form  can  be  manipulated  to  a much  greater 
extent  using  an  interactive  CRT  color  display  system  than  can 
multispectral  photographs  in  an  additive  color  viewer.  Besides 
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being  able  to  oonitor  efficiently  the  efficacy  of  image 
processing  routines  and  to  carry  out  visual  Interpretation 
of  the  displayed  image « these  systems  can  be'  used  for  the 
display  of  the  results  of  scene  classification  procedures. 

For  these  reasons  we  cannot  continue  to  offer  a set  of  remote  sensing 
graduate  courses  that  do  not  expose  the  student  to  the  methodology  and 
facilities  he  will  encounter  in  his  future  professional  career  in  remote 
sensing.  The  main  problem  that  confronts  a university  in  this  regard  is 
the  high  cost  of  the  initial  purchase  of  such  equipment  plus  the  cost  of 
an  equipment  maintenance  contract.  Fortunately,  in  our  case,  the  Univer- 
sity made  a substantial  facility  contribution  to  the  remote  sensing  pro- 
gram, and  this  has  been  augmented  by  support  from  the  Air  Force  Office 
of  Scientific  Research.  With  this  important  exception,  all  facilities 
at  the  University  that  are  useful  for  remote  sensing  education  were 
obtained  for  research  and  applications  projects.  If  there  ie  one  way 
in  which  MSA  can  contribute  to  an  improvement  in  remote  sensing  educa- 
tion in  this  country,  it  is  through  capital  equipment  grants  to  univer- 
sities that  have  personnel  interested  in  and  capable  of  exploiting  image 
processing  and  scene  classification  procedures. 

Future  Developments 

Our  remote  sensing  academic  program  at  the  University  has  evolved 
during  the  past  few  years  by  virtue  of  the  interest  and  concern  of  the 
members  of  the  Committee  on  Remote  Sensing  and  the  strong  support  of 
the  IMiversity  administration.  Most  of  us  hope  the  establishment  of  the 
program  will  stimulate  the  initiation  of  more  multidisciplinary  research 
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and  applications  studies.  Early  in  its  discussions  the  Coanittee  agreed 
that  it  was  preferable  to  establish  an  academic  program  first,  before 
trying  to  expand  the  remote  sensing  research  activities,  the  reason  is 
siiqily  that  the  needs  are  mutual : University  faculty  and  staff  cannot  and 
should  not  pitrsue  substuitial  research  activities  without  the  involvement 
of  graduate  students  and  graduate  students  in  turn  benefit  from  a 
structtired  program  which  c«i  also  afford  them  financial  assistance. 

Ne  have  reached  the  stage  at  the  University  where  the  first  students 
have  coi^ileted  their  course  work  for  the  remote  sensing  minor.  It  will 
be  of  interest  to  see  how  many  of  them  proceed  with  remote  sensing 
projects  for  their  major  and  to  what  extent  the  s^^ers  of  the  Committee 
can  work  together  to  generate  successful  multidisciplinary  proposals 
that  will  support  these  students  in  research  and  applications  studies. 

In  my  opinion,  it  is  one  thing  to  organize  a multidisciplinary 
remote  sensing  educational  program  at  a university  and  quite  another  to 
organize  a fully  multidisciplinary  (that  is,  multidepartmental)  research 
and  applications  program.  At  this  point  X feel  the  University  of  Arizona 
has  succeeded  in  the  former  and  I hope  some  of  you  may  benefit  from 
hearing  of  our  approach  and  experience.  I don’t  think  we  yet  know 
whether  we  can  mount  a fully  multidisciplinary  research  and  applications 
program.  I shall  look  forward  to  hearing  from  others  at  this  conference 
how,  and  to  what  extent,  they  have  been  successful  in  this  regard. 
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N80-20008 

RENOTE  SENSIN6  RESEARCH  ACTIVITIES 
REUTED  TO  ACADENIC  INSTITUTIONS 

Victor  I.  Nv«rt 

Rtmotc  Stnsing  Institute 
South  Ditoto  Stote  University 

Research  as  a Noens  to  Advance  the  Frontiers  of  Technology 

The  principal  responsibilities  of  those  atteiKHng  tols  Educator's 
Workshop  are  In  teaching  and  research,  some  with  greater  resfK)ns1b111ty 
In  one  area  or  the  other,  but  all,  I am  sure,  have  an  Interest  In  both. 
Ny  major  activity  Is  that  of  research,  as  you  nay  surmise  from 
speaking  assignment,  but  the  organization  that  I represent  Is  Involved 
In  education  and  training  as  well  as  research. 

The  word  research  Is  now  applied  to  so  many  activities  that 
even  In  a scientific  research  organization  Its  use  nay  be  ambiguous. 

It  Is  often  used  to  describe  aspects  of  professional  scientific 
activity  which  might  not  normally  be  regarded  as  scientific  research, 
and  it  nay  even  be  used  to  describe  the  resurrection  of  existing 
Information  In  a new  form. 

For  the  purpose  of  defining  research  I prefer  to  consider  the 
term  without  the  usual  adjectives  of  basic,  applied,  experimental, 
theoretical,  and  so  forth.  I^search  Is  the  quest  for  new  Information. 
There  are  numerous  types  of  Investigations,  but  as  far  as  universities 
are  cot^erned  It  Is  In^rtant  that  the  Investigations  are  In  the 
vanguard  of  knowledge  In  the  staff  members'  respective  fields  of 
expertise. 
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Prior  to  about  1M0  rtstarcb  poopU  wora  (^ttsstd  with 
14ont1f1cat1on  tfid  classification  of  thliH^s  and  phononitna  (Raney,  USDA, 
MS,  1968).  This  tMS  (Hir  heritage  from  ^e  Greeks.  At  that  tlm 
research  people  suddenly  realized  that  this  «ms  really  not  a very 
use^l  approach  and  ^e  so-called  scientific  Method  of  research  t«as 
bom.  This  consisted  of  developing  a hypothesis  and  then  proving  or 
disproving  It,  The  &*eeks  Mre  concerned  with  Intellectual  things, 
but  their  punwses  were  111-deflned.  Idten  the  Roman*  enslaved  thm, 
the  GrMks  were  Most  useful  as  teachers  of  the  tUmian  children. 

To  Me,  tnw  research  means  the  pursuit  of  knowledge  with  a goal 
In  Mind.  It  means  iKit  only  wanting  to  km»w  but  doing  s»aeth1ng  about 
It.  Having  a In  resMmh  Is  unlike  climbing  a mountain  where 
the  goal  Is  clear.  In  research  there  are  Innumerable  mountains  and 
the  prir^ipal  pr(R>1em  is  to  decide  which  mountain  to  cllinb  first. 

Perhaps  our  greatest  challenge  Is  that  of  defining  cur  problems. 
Should  that  be  so  difficult?  Perhaps  so,  when  one  considers  the 
user.  In  discussing  this  matter  of  ^fining  probiMRS  Darwin  said: 

You  would  be  surprised  at  the  nunter  of  years  It  took 
me  to  SM  clearly  what  of  the  problems  were  which  had 
to  be  solv^.  Looking  back  I think  it  was  more  difficult 
to  see  what  the  prc^lems  were  than  to  solve  them,  so  far  as 
I have  su^eecM  In  doing  and  this  seems  to  me  rather 
curious. 

Research  - For  Technology  or  For  Teaching? 

I have  accepted  that  definition  of  a university  which  Includes 
the  transmittal  and  the  creation  of  knowledge.  This,  of  course, 
affects  the  general  objectives  of  research  In  the  university  system 
In  that  education  must  be  a part  of  the  overall  objective. 
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In  ttifsf  tlMS  tliirt  tm  nuiiNsrous  C(Histi«1nts  on  octlvltlts 
of  rtswreh  «roupi  which  am  dlctatofl  by  their  objectives,  but 
progrMi  objectives  are  iwst  often  dictated  by  local » state,  federal 
and  International  organizations  who  have  very  specific  requirements. 
The  fact  that  these  requirements  are  frequently  mtlvated  by  today's 
needs  In  a world  that  Is  facing  many  ecological  crises  does,  hiMever, 
provide  challenging  opportunities  In  research  and  education. 

Let  there  be  no  confusion  about  research  direction,  whether  for 
techfurlogy  or  for  teachingi  rest  assured  that  this  Is  not  a niutually 
exclusive  affair.  Undergraduate  and  graduate  students  can  be  handily 
worked  Into  segments  of  contract  or  grant  research  studies  and  mke  a 
sInuHaneous  contribution  to  the  project  and  to  their  own  education. 

Of  course  one  must  exert  careful  control  over  such  activities  by 
students,  but  what  a stimulating  challenge  it  Is  to  a student  to  have 
an  op^rtunlty  to  work  on  a practical  problem  that  needs  a solution 
rather  than  on  one  from  a textbook. 

Our  challenge  today  In  science  and  techiwlogy  as  well  as  in 
education  Is  that  there  exists  a crisis  of  disillusionment  with 
science  and  technology  In  the  affluent  societies  of  the  west,  Haskins 
(1973).  The  central  question  Involved  Is  one  of  national  priorities. 

It  comes  with  the  realization  that  strong  as  we  have  always  believed 
ourselves  to  be  In  talent  and  wealth,  these  resources  are  not  Infinite. 
We  must  make  choices  in  what  we  elect  to  do  with  then. 
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Wtat  Ktnc!  of  Organization 


How  a university  can  tnanage  to  preserve  Its  detached  role  In 
education  and  at  the  same  time  engage  In  strict  research  and 
applications  of  techiKJlogy  Is  s«newhat  of  a dllenna.  (^e  rather 
cotnmn  approach  to  this  Is  the  departonentally  based  research  and 
service  program.  Another  approach  which  I personally  prefer  Is  tt»at 
of  the  quasl-autonomcus  Institute  or  laboratory  such  as  our  Remote 
Sensing  Institute  (RSI)  at  South  Dakota  State  University.  Other 
examples  of  this  are  Ihe  Purdue  Laboratory  for  Applications  of  Remote 
Sensing  aiKi  the  University  of  Kansas  Center  for  Research,  and  there 
are  others. 

The  separate  research  institute,  not  a unit  of  the  educational 
part  of  the  institution  but  closely  associated  with  it,  can  contribute 
to  the  edurational  program  even  though  Its  supervision  Is  no 
responsibility  of  the  teaching  faculty. 

An  example  of  the  purpose  and  objectives  of  an  organization  with 
research,  teaching  and  development  activities  might  be  as  follows: 
Identify  regional,  state,  and  local  problems  which  remote 
sensing  can  help  solve. 

Assist  users  In  applying  remote  sensing  technology  already 
developed. 

Bridge  the  gap  between  the  nresent-day  application  and 
state-of-the-art  remote  sensing  capability. 
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4.  Identify  rgseairch  needs  to  which  remote  sensing  technology 
can  be  applied  and  conduct  research  programs  to  solve  these 
needs  as  rapidly  as  funds  can  be  macte  available. 

5.  Stimulate  and  cooperate  with  faculty  and  students  in 
institutions  in  applicable  areas  of  science  and  engineering. 

6.  Provide  training  through  extended  in-residence  (6  months  to 
1 year)  programs  for  individuals  with  previous  resource 
training  and  experience. 

7.  Provide  the  organization  with  capibility  and  expertise  to 
assist  local,  state,  and  federal  agencies  in  utilizing 
appropriate  remote  sensing  technology  in  solving  problems. 

The  ultimate  responsible  authority  for  the  research  organization 
deserves  careful  attention.  In  the  case  of  RSI  and  other  institutes 
or  centers,  the  st;oC*:ure  is  such  that  the  Director  is  responsible  to 
a President  or  Vice  President  of  the  University.  For  RSI  it  was  no 
accident  that  that  particular  form  of  structure  was  chosen.  From  the 
very  earliest  history  of  the  organization  it  was  emphasized  that  the 
normal  University  structure  of  having  the  Institute  function  under  one 
of  the  Schools  such  as  Engineering  or  Agriculture,  or  with  multiple 
responsibilities  to  two  or  more  Schools  within  the  University  was 
unsuited  to  the  timely  and  efficient  conduct  of  remote  sensing 
scientific  research. 

Many  necessary  mandated  procedures  are  in  effect  in  the  normal 
university  structure,  providing  checks  and  balances,'  The  field  of 
remote  sensing  is  rapidly  changing  sometimes  requiring  quick  response 

to  new  requirements  in  programs  or  directions  which  rust  occur  at  a 
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speed  or  In  a manner  not  adapted  to  normal  procedures  of  a university 
system.  This  Is  a necessary  characteristic  but  requires  wlsdwi  and 
restraint  In  the  decision  making  process  to  assure  adherence  to  the 
objectives  listed  previously.  The  Second  Law  of  Ibermodynamlcs  applies 
here  which,  stated  In  terms  of  human  behavior,  says  It  Is  easier  to 
get  Into  trouble  than  to  get  out  of  It. 

In  a mource-orlented  organization  It  Is  essential  to  have 
Interdisciplinary  programs  with  emphasis  on  several  resource  application 
areas  such  as  hydrology,  agriculture,  wildlife,  geology  and  perhaps 
others.  This  requires  association  with  a University  system  with 
personnel,  equipment,  and  library  services  that  are  also  resource 
oriented.  A training  program  is  also  an  interdisciplinary  resource- 
oriented  program  requiring  a similar  association.  Research  that 
utilizes  the  expertise  of  several  disciplines  and  focuses  It  on  a 
particular  problem  area  Is  relatively  rare. 

This  does  not  mean,  however,  that  any  one  organization  need  try 
to  be  excellent  In  all  aspects  of  research,  or  to  include  in  their 
curricula  the  full  gamut  of  research  fields  and  instructional 
offerings.  Each  group  would  do  v;ell  to  seek  out  its  individual 
identity,  clarify  its  specific  goals,  consolidate  its  strengths  and 
terminate  programs  that  cannot  be  justified. 

A basic  minimum  level  of  support  is  essential  for  maintaining  a 
broad  multidisciplinary  team  in  agriculture,  hydrology,  engineering, 
geology,  wildlife,  etc.  Most  resource  problems  involving  remote 
sensing  technology  are  multidisciplinary  in  nature.  Should  one  have 
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these  staff  menders  on  full  time  or  are  there  alternatives?  ?feny 
Institutions  list  nun^rous  staff  n»ibers  from  various  departments  as 
part  of  the  remote  sensing  staff.  Having  scientists  available  from  a 
wide  variety  of  disciplines  Is  of  course  one  of  the  advantages  of 
university  research  Involvement,  As  you  may  well  recognize,  this 
situation  also  has  drawbacks  in  that  many  of  the  faculty  nwnbers  who 
orlglmlly  indicated  an  interest  in  participating  in  a research  multi- 
disciplinary effort,  if  one  came  along,  may  not  have  the  flexibility 
to  do  so  when  the  need  arises  because  of  departmental  commitn^nts. 

Another  approach  is  to  have  available  a group  of  consultants 
who  are  experts  with  broad  experience  in  their  fields.  This  approadi 
may  provide  well -quail tied  people,  but  here  again  consultants  may  not 
have  the  ctesirable  flexibility  to  fill  the  needs  of  a research 
program,  particularly  if  lengthy  service  of  a few  months  to  a year  or 
more  is  ctesired. 

Suitable  activities  for  a res^rch  and  development  group  to 
become  Involved  in  are  mmerous.  There  is  not  always  an  organization 
waiting  with  open  arms  to  fund  every  ideai  however,  many  good  projects 
wither  away  for  the  lack  of  vigorous  promotion.  As  an  example  of  the 
wide  variety  of  possibilities  Table  1 suirmarizes  some  past  and  present 
RSI  research  and  development  along  with  the  involvwient  of  state  and 
federal  agencies  and  university  departments  in  these  activities.  Part 
time  students  and/or  graduate  students  have  been  Involved  in  most  of 
these  activities. 
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Table  1 . RESEARU1  AND  DEVELOPWNT  ACTIVITIES 
SOSU  Re«otc  Sensing  Institute 


Activity 

State  Agency,  University  Department  Partlcipatiun 

Federal  Agency  Participation 

Land  Use  Planning.  Soil 

State  Planning  Bureau,  Dept,  of  Revenue,  Gtft 
Planning  District,  Black  Hills  Conservancy 
Subdistrict,  Oabe  Conservancy  Subdi strict, 
Pennington  County  Conn..  Meade  County  Com., 
SDSU  Plant  Science  Department 

Soil  fonservation  Service, 
NASA,  U.S.  Bureau  of  Imifw 
Affairs  (USBIA),  U.S.  Buncau 
of  Reclamation  (USBi) 

Hydrogeologic  Flapping 

SD  ScFnol  of  Nines  and  Technology 

U.S.  Geological  Survey  {U5GS) 

GroundNater  Napping 

State  Geologist,  Department  of  Natural  Resources, 
Oahe  Conservanor  Subdistrict 

U.S.  Geological  Survey 

Reservoirs  and  Lakes,  Biological 
Activity,  Quality  Parameters 

SDSU  Biology  Department,  State  Geologist 

Office  of  Hater  Resowrces  I 
Tech.  (OHRT),  U.S.  Fish  and 
Hildlife  Service  (USFW) 

Reservoirs  and  Lakes,  Surface 
Area  Determination  and 
Classification 

■■■ 

Hildlife  Habitat 

USFIH 

Ducks,  Census.  Sex  Ratioing 

USFIN 

Stream  flow  Blockage  in  Jaiaes  River 

Oahe  Cmservancy  Subdistrict 

H1#i  Hater  Tables 

USBR  - Denver 

He  Inland  Vegetation  Classification 

USFIH 

Saline  Seeps 

SOSU  Hater  Resources  Institute,  Nontana  State 
University.  North  Dakota  State  University,  ' 
New  Nexico  State  University 

OHRT,  Old  Uest  Comnission, 
NASA 

/tetivlty 

State  Agency.  University  Departamnt  Participation 

Federal  Agency  Participation 

SnoM  and  Ice  as  Hydrologic 
Indicators 

uses 

Mater  Requlretaents  of  Crops 

SDSU  Redfleld  Station,  SDSU  Plant  Science  Department 

uses 

Soil  Moisture 

NASA,  uses 

Crop  Identification  and  Yield 
Prediction 

USQA-Sclence  and  Education 
Adm.(SEA),  NASA 

Rangeland  Condition 

South  Dakota  State  University  (SDSU)  Animal 
Husbandry  Department 

NASA.  US8IA 

Agricultural  Pollution  on  James 
River 

Health  Department.  Oahe  Conservancy  Subdistiict 

Environmental  Protection 
Agency 

Deer  Census 

South  Dakota  Game,  Fish  and  Parks  Department 

Highway  Damage  Assessment,  East 
of  Matertown,  East  nf  Rapid  City 

South  Dakota  Department  of  Transportation 
South  Dakota  School  of  Nines  and  Technology 

Dutch  Elm  Disease  Detection 

Department  of  Agriculture,  SDSU  Plant  Science 

Wheat  Mosaic  Detection 

SDSU  Extension  Entomologist 

Sod  Mebworm  Infestation 

SDSU  Extension  Entomologist 

NASA 

Park  and  Recreation  Planning 

City  of  Sioux  Falls.  Bicentennial  Commission, 
SDSU  Geography  Department 

NASA 

Pale  Western  Cutworm  Detection 

USDA-ARS 

Com  Rootworm  Detection 

SDSU  Entomology  Department 

USDA-ARS 

Sugar  Beet  Spoilage 

American  Crystal  Sugar  Company 

ii| 


Activity 

State  Agency,  University  Department  Partrclpatlon 

Federal  Agency  Participation 

Flood  D>M9e  Assessment 

Black  Hills  Conservancy  Subdistrict,  Civil 
Defense,  6th  Planning  District 

uses.  NASA 

Tornado  Damage  Assessment 

Civil  Defense 

Hall  Damage  Assessment 

County  Agents,  Hall  Insurance  Adjusters  and 
Research  Association 

Root  Length  and  Area  Determination 

USDA-ARS 

Leaf  Area  Damage  Assessment 

USDA-ARS 

Beef  Loins  Area  Measurement 

SDSU  Animal  Science  Department 

National  Hater  Plan 

Horld  Bank,  Mexico 

Influence  of  Aswan  Dam  on 
Agriculture  of  the  Nile  Delta 

! 

National  Science  Foundation, 
Egypt 

Education  - Training 

SDSU 

State  Department.  AID 
United  Nations,  Individual 
Countries 

Operational  Resource  Management 
Models,  Belle  Fourche  Watershed 

State  Planning  Bureau,  State  Department  of 
Natural  Resources,  State  Department  of  Game, 
Fish  6 Parks 

NASA 

Land  Use  Planning,  Soil 
Classification,  and  Tax 
Equalization  Studies 

Potter  County,  State  Department  of  Revenue 

NASA 

Desertification 

1 

United  Nations  Environmental 
Program,  State  Department  AID 

T 
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Activity  ! 

State  Agency,  University  Department  Participation 

! Federal  Agency  Participation 

Energy  Loss  Surveys 

Energy  Research  and 
Develoinent  Mm. 

Resource  Survey  in  the  Sudd 

Govenments  of  Sudan  and 

Region  of  Southern  Sudan 

Egypt 

Heat  Capacity  Happing  Mission 

SOSU  Engineering  Physics 

NASA 

Ol 


Curriculum  Developuttra  to  integrate  Teaching  and  Research 

There  are  tremendous  pressures  on  povernrant  agencies  and 
universities  to  solve  current  problems,  and  no  one  denies  that  these 
problems  are  urgent.  Despite  these  pressures  which  must  be  satisfied, 
the  university  by  its  very  nature  must  be  future-oriented  because 
faculty  and  students  together  must  provide  knowledge,  skills  and 
leadership  for  much  of  the  next  generation.  Potter  (1970)  believes 
that  a future-oriented  university  would  find  ways  for  students  and 
faculty  to  engage  in  interdisciplinary  efforts  that  would  achieve 
these  objectives. 

A student  in  science  or  engineering  should  possess  above  average 
ability  in  one  or  more  of  several  directions: 

a.  An  ability  to  grasp  scientific  principles 

b.  An  ability  to  organize  and  carry  out  experimental 
investigations 

c.  A curious  mind 

Thus,  any  curriculum  should  introduce  all  students  to  courses 
that  encompass  all  of  the  above,  and  make  it  possible  for  each  of  them 
to  cultivate  that  ability  which  is  dominant  in  him. 

A curriculum  should  be  diversified  and  this  is  where  the 
knowledge,  experience  and  training  of  the  professor  is  important. 

A professor  who  <s  in  touch  with  the  real  v/orld,  conducting  research, 
and  being  alert  to  new  develofxnents  can  be  a great  asset  to  career 
preparation  and  development. 
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It  Is  often  said  that  an  academic  education  should  teach  students 
to  think.  Kestin  0963)  states  that  "...  If  he  doubts  his  ability 
to  teach  a s^dent,  he  certainly  doesn't  know  hm  to  teach  hln  to 
think.  Of  to  synthesize,  or  to  show  a willingness  to  assume  responsibility, 
or  to  exercise  leadership". 

Although,  as  Kestin  points  out,  ultimately  each  s^dent  must  learn 
for  himself,  one  must  not  draw  the  conclusion  that  the  organization  of 
courses  Is  un1n^>ortant,  (ht  the  contrary,  particularly  In  the  early 
stages  of  the  curriculum,  the  part  played  by  the  Instructor  is 
decisive,  ki  ability  to  organize  a course  and  to  fire  the  Imagination 
of  young  people  so  that  they  become  personally  and  emotionally 
Involved  In  learning  requires  a very  special  talent.  It  is  suggested 
by  educators  that  a program  of  study  for  students  will  fail  unless 
the  staff  has  ample  opportunity  to  prepare  their  courses  and  to 
continue  their  own  education.  Thus,  an  educational  program  for 
students  must  also  Include  an  educational  program  for  instructors. 

The  academic  institution  should  recognize  that  in  engineering  and 
In  the  physical  sciences  it  is  necessary  for  the  faculty  to 
participate  in  research  activities,  not  only  for  their  benefit 
but  to  maintain  intellectual  standards  for  the  Institution  and  for 
purposes  of  graduate  instruction.  Othen%ise  the  teaching  faculty 
tends  to  teach  the  ancient  history  of  science  and  engineering  instead 
of  providing  students  with  a foundation  for  making  contributions  in 
his  chosen  field  for  the  next  several  decades.  This  is  especial!/  true 
of  remote  sensing  technology  which  is  dynamic  in  the  sense  that  naw 
techrxjlogy  is  continually  being  synthesized. 
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It  Is  un<kiubU^1y  true  tn^it  promotion  regulation  by  Uie 
administration  very  much  Influences  staff  activities.  ‘Hie  prcmilsc 
of  r^cofimiendlng  or  withholding  promotion  should  not  be  used  as  a 
carrot  stick,  however,  faculty  should  know  that  excellence  will 
be  rewarded,  and  that  iMdIocrIty  will  not. 

It  has  been  said  many  times  that  research  makes  a good  teacher; 
this  statenwnt  Is  doubtful.  J.D.  Ryder  of  Michigan  State  University 
(unpublished  remarks)  expresses  a similar  view  In  stating  that 
research  capability  Is  a good,  early  Indication  of  a man's  ability 
as  a teacher.  He  feels  that  at  the  age  of  30  a scientist  can  be 
encouraged  to  continue  In  teaching  or  research  or  be  diverted  to 
other  activity  depending  on  his  exhibited  interest  In  research  and 
his  desire  to  gain  knowledge.  Ryder  feels  that  the  traits  exhibited 
at  age  30  are  those  that  will  still  be  Identified  with  the  individual 
at  age  50.  To  summarize,  research  does  not  necessarily  make  a good 
teacher,  but  research  Is  an  indicator  of  the  type  of  mind  and  type 
of  ability  which  will  make  a good  teacher.  Conversely,  a good 
researcher  Is  not  necessarily  a good  teacher. 

Training  of  visiting  scientists  from  many  countries  Is  a means 
for  expanding  the  horizons  of  faculty  and  students.  Financial  support 
that  comes  with  training  programs  provides  funds  for  developing 
training  documents  and  training  aids,  for  purchasing  training 
equipment,  etc.  Visiting  scientists  generally  bring  new  knowledge 
and  new  problems  which  challenge  faculty  and  students  who  may  work 
with  them.  Training  programs  provide  financial  support  for  bringing 
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sf^lillsts  fron  govtmie^^.  Industry  ami  othtr  un1vers1t1i»  to 
aiMTlch  the  staff  and  other  faculty  and  students. 

Most  asf^lally*  however.  «M)rl(  with  visiting  scientists  from 
other  countries  allows  an  Interaction  between  specialists  with  slnllar 
problems  In  discussing.  Investigating,  and  suggesting  methods  to  find 
answers  to  these  problems,  often  with  new  approaches  surfacing  after 
a merging  of  Ideas.  Often  our  creative  abilities  are  stymied  ami  our 
Ideas  crystallized  by  the  thoughts  of  a few  "authorities"  among  our 
literature  acquaintances  or  Inmedlate  associates.  As  we  woHc  with 
trained  scientists  with  varied  experience  from  other  countries,  free 
exchan^  of  Ideas  Is  often  more  easily  accomplished. 

Training  and  Selecting  Students  for  Research  Activities 

We  are  all  Interested  In  having  scvne  innate  ability  to  spot 
bright  potential  researchers  from  among  students.  Potential 
employers  In  government  and  Industry  are  interested  in  taking  steps 
very  early  In  a college  student's  career  to  place  him  In  a training 
position  and  then  hiring  him  upon  graduation  If  a mutual  attraction 
blomns  between  the  Individual  and  the  employer.  This  plan  just  does 
not  hold  water  In  light  of  the  experience  of  experts  In  this  field. 
According  to  Or.  O.T.C.  ulllesple  of  CSIRO.  the  Australian  Ck>vemment 
Research  Organization,  "It  Is  connon  experience  that  the  Intellectual 
ability  to  absorb  knowledge  and  the  Intellectual  capacity  for 
creativity  do  not  necessarily  go  hand  In  hand.  Thus,  It  Is  not 
unknown  that  a student  with  a high  absorptive  capacity,  and  even 
exceptional  ability  to  reproduce  with  facility  the  material  learned. 
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wy  nt¥ff  Htmm  creitlw’'.  Ifift  thtt  stltettewi  for  cfMtlvt 

ibIHty  ciniKit  btgin  ynHI  quU^  1«t«  In  unl¥ersity  trainfnfi.  ^ 
btst  bat  for  s«)cct1nf  and/or  rocoMRwndlng  studtnts  for  iir«du«tt 
sti^los  or  for  tiould  SMa  to  bt  tht  out  of  Matching  for 

pranltlng  yotmg  sanlors  aini  graduatt  s^nlents. 

Fyndlno  Sources 

Bat^  on  prasMit  tviti^fica,  it  aj^rs  ^at  futurt  rtuarcb  will 
become  mrt  c(^11eated,  moi^  costly,  and  will  require  more  tern 
effort.  With  priority  decisions  to  be  made  concerning  expenditure  of 
available  funds,  these  matters  are  a principal  concern  of  academic 
Institutions.  The  19^'s  and  19S0's  were  decades  of  tmprecedented 
financial  support  for  sclmce.  Impressed  by  the  contributions  of 
sc1«ice  and  technology  to  the  war  effort.  Congress  appropriated  ever 
Increasing  amounts  for  research  and  development  and,  later  for  science 
education  (Bevan,  1971).  But  late  In  that  period  tiM  balloon 
burst  or,  perhaps  more  accurately,  sprang  a slow  leak  that  has 
accelerated  during  the  1970*s. 

Throughout  the  earlier  years  of  adequate  funding,  w In  the 
scientific  conmunity  assumed  that  if  funds  were  made  avail ible  to 
competent  Investigators,  and  If  each  did  his  own  thing,  then 
automatically  the  greatest  good  would  accrue  to  all  and  the  national 
interest  would  be  served.  This,  perhaps,  was  a naive  attitude  and 
in  the  eyes  of  the  taxpayer  is  no  longer  Justified. 

Another  situation  which  many  of  you  may  recognUe  is  that  as 
research  funds  have  diminished  many  federal  agencies  have  turned  more 
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aiKl  mere  to  Internal  research  to  personnel  already  on 

payrolls  and  maintain  povemtoent  programs  at  least  at  the  same  levels 
as  1o  the  past. 

The  »»hee1s  of  res«rch  and  developmwit  — either  basic  or 
applied  — cannot  turn  without  the  funds  to  oil  them.  H)e  American 
public,  mne  mainly  urban.  Is  g^crally  apathetic  to  research.  As  long 
as  he  exf^rlences  no  personal  shortage  of  food  and  fiber,  we  can 
expect  the  voter  to  remain  Indifferent.  A distinguished  visiting 
scientist.  Dr.  Sal  ah  II  Rabaa,  Professor  of  (leology  In  the  University 
of  Khartoum,  Sudan  blames  this  on  our  entertainment-oriented  rather 
than  education-oriented  mass  media.  According  to  11  Rabaa  ''Believe 
It  or  not,  the  progrwi  which  Is  nwst  Infonimtlve  and  educational  is 
not  received  here  In  the  U.S.  - The  Voice  of  America.  It  directs 
cultural,  scientific  and  political  Information  and  current  events  In 
an  Interesting  way  to  many  countries  In  the  outside  world."  He 
believes  the  Voice  of  America  should  be  heard  In  Anerlct. 

The  changing  pattern  In  the  federal  funding  of  science  Is  an 
entirely  new  experience  for  a major  part  of  the  scientific  fraternity. 
It  Is  going  to  force  the  scientific  world  to  redefine  Its  goals  and 
devise  effective  ways  to  help  the  Congress  develop  more  rational 
long-range  programs  of  support.  According  to  present  trends  the 
physical  sciences  and  engineering  will  find  difficulty  In  the  next 
10  to  15  years  In  r«itirg  needs  for  qualified  teachers  and  well- 
trained  research  workers.  Private  and  puelic  funds  that  might 
support  research  as  a part  of  the  educational  system  will  be  Inadequate 
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due  to  demands  for  facilities  and  faculty  salaries.  It  Is  therefore 
clear  that  Institutes  and  deoartmunts  Involved  In  remote  sensinp 
reseait^t  will  be  required  to  find  other  sources  of  funds  to  supplant 
appropriated  monies. 

Support  for  research  must  come  from  outside  sources  In  the  form 
of  research  contracts  and  grants  from  the  federal  government,  Inter- 
national organizations  such  as  the  United  Nations  and  Hd  Bank, 
and  from  foreign  countries. 

The  states  have  imjch  to  benefit  by  the  direct  support  of 
research  activities  In  universities.  Substantial  state  appropriations 
are  made  toward  the  research  activities  In  agriculture,  and  engineering. 
But  so  far  there  is  little  in  the  form  of  appropriations  for  remote 
sensing  technology.  Research  activities  provide  a reservoir  of 
ideas  and  of  technical  strength  within  the  state  from  which  the  whole 
community  benefits.  Therefore,  the  states  have  a direct  stake  in  the 
support  of  research  at  universities. 

Private  industry,  the  ultimate  user  of  much  of  remote  Sfcu;,ing 
technology,  needs  to  become  more  involved  in  active  planning  and 
support  of  research  and  teaching  activities.  Remote  sensing  geologists 
receive  this  kind  of  support  from  oil  and  gas  industry  for  reasons 
of  organization  and  wealth.  Most  other  disciplines  such  as  agriculture, 
hydrology,  wildlife,  etc.,  are  fragmented  with  individuals  who  alone 
cannot  support  research.  These  other  disciplines  also  are  provided 
many  "free"  services  by  government  organizations  and  expect 
government  to  subsidize  the  research.  Nevertheless,  private  industry 
could  do  a better  job  of  providing  input  concerning  user  needs. 
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Finally  the  Federal  Government  cannot  avoid  a major  responsibility 
In  the  support  of  research  In  universities.  This  Is  essential  not 
only  for  the  health  of  the  research  activity  of  the  nation  but  more 
particularly  It  creates  a close  sense  of  Intellectual  participation 
between  federal  agencies  and  universities. 

For  a variety  of  reasons,  the  most  desirable  form  of  support 
should  originate  from  a diversity  of  sources.  There  Is  a need  for 
Indepth  research  as  well  as  applied  research  and  development  activities. 
It  Is  wise  to  plan  a program  with  a balance  between  research  and 
applications.  We  all  feel  pressures  and  are  responding  to  the  need 
for  demonstrated  practical  applications. 

Some  of  the  advantages  of  a diversity  of  contracts  and  grants 

are: 

^ They  provide  Income  that  helps  give  financial  stability  to 
a research  organization  which  may  be  at  the  mt'rcy  of 
fluctuations  that  are  Inherent  with  dependence  on 
contracts  and  grants. 

2 They  provide  funding  for  a variety  of  resource 
appl ications. 

3 A minimum  basic  level  of  funding  is  needed  for  support 
programs  such  as  the  photo  lab,  the  data  handling  group, 
and  the  data  collection  program,  which  might  include 
aircraft. 

Let  me  remind  you  of  a great  advantage  that  we  have  in  funding 
remote  sensing,  that  is  our  critical  dependence  on  very  costly 
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scientific  tools  - the  earth  satellites.  The  Instrumentation, 
launching,  tracking,  and  data  collection  Involved  In  the  satellite 
program  is  very  expensive,  involving  tens  of  millions  of  dollars. 

Although  funding  for  research  is  difficult  to  come  by,  this 
source  of  data  is  incredibly  cheap  and  useful  to  the  student, 
researcher,  and  user.  The  potential  for  developing  new  and  drunatic 
earth  applications  captures  the  imagination  of  many  students  who  wish 
to  become  ^dentists  and  engineers.  The  promise  of  major  advances 
from  the  F.arth  satellite  data  in  our  understanding  of  just  hydrology 
would  in  itself  seem  to  justify  an  enormous  effort  in  support  of 
this  equipment. 

Developing  Funding  Sources 

"We  have  met  the  enemy  and  they  is  us"  - Pogo.  These  v/ise 
words  of  a modern  American  philosopher  identify  what  I consider  to 
be  the  critical  element  in  the  effort  to  sell  research  proposals. 

We  are  faced  these  days  with  decisions  concerning  research 
ideas  - sometimes  it  seems  that  the  best  ideas  have  already  been 
thought  of  or  that  funding  agencies  are  not  smart  enough  to  buy 
our  brilliant  ideas.  Although  selling  research  proposals  sometimes 
seems  equivalent  to  groping  ones  way  through  a maze,  it  remains  a 
fact  that  funding  agencies  are  most  frequently  not  presented  with 
good  proposals.  Shortcomings  may  be  one  of  the  following; 

a.  An  old  idea  that  is  being  resurrected 

b.  A poorly  written  proposal 

c.  An  investigator  who  is  not  familiar  with  agency  objectives 

d.  Hot  a good  idea 
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On  tht  otter  hand  the  patn  frm  the  spark  of  an  Idea  to  a funded 
proposal  Is  long*  tortuous  and  full  of  pitfalls.  Persistence  plus 
gw)d  salesiaanshlp  are  necessary  ingredients  In  selling  proposals. 

Many,  many  good  proposals  wither  and  die  because  a researcher 
gives  up  after  his  first  or  second  experience  of  receiving  a 
rejection. 

Making  Science  Effective 

Although  the  responsibility  of  a uni  ersity  may  Include  transmittal 
and  the  creation  of  knowledge,  an  institutlor-  supported  by  public 
funds  must  also  m^t  Its  obligation  to  the  c ’tnunity.  These 
university  objectives  are  Important  to  graduate  Instruction  as  well 
as  improving  our  standard  of  living.  In  our  case  at  RSI,  part  of  our 
obligations  to  the  community  are  met  by  providing  the  following 
services  to  state  agencies. 

1.  Provide  leadership  for  cooperative  programs  - Example, 

Landsat  follow-on  program  In  a multidisciplinary  v/atershed 
project  involving  three  state  agencies. 

2.  Gain  federal  support  for  projects  to  finance  pilot  or 
model  studies  as  well  as  resource  applications  studies, 

3.  Provide  education  and  training. 

4.  Provide  personnel  and  facilities  for  conducting  specific 
research  and  development  programs  desired  by  many  state 
agencies. 

Scientists  working  In  the  Earth  Resources  Applications  program 
with  governnrent  agencies  have  long  recognized  and  been  concerned 
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about  tht  “USER  GAP",  i.B,,  the  lack  of  effective  communication 
between  the  scientific  couinunHy  engaged  In  remote  sensing  research 
and  developent  and  the  potential  users  of  modern  remote  sensing 
techr»logy«  The  lag  between  present-day  applications  and  the  state- 
of-the-art  remote  sensing  capability  Is  too  great.  Closing  this 
gap  will  help  Insure  reasonable  payoff  fr«n  the  use  of  space,  high 
altitude,  and  other  remote  sensing  capability. 

Despite  recent  technological  advances  we  are  yet  unable  to 
transform  n&n  Ideas  Into  successful  products  more  quickly,  according 
to  a study  by  the  Battel! e Columbus  Laboratories  as  reported  in 
Parade  P«agaz1ne. 

Stressed  throughout  this  report,  which  examined  10  Innovations 
for  the  National  Science  Foundation,  was  the  Importance  of  what  was 
termed  the  "technical  entrepreneur"  who  persists  In  the  face  of 
various  Inhibiting  effects. 

The  following  provides  an  idea  of  the  "USER  GAP"  time-frame 
as  calculated  for  various  innovations.  Including  several  which  relate 
directly  to  agricultural  research: 
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Innovation 

Conception 

Year  of 
First 

Realization 

Duration, 

years 

Heart  Pacemaker 

1928 

1960 

32 

Hybrid  Corn 

1908 

1933 

25 

Hybrid  Small  Grains 

1937 

1956 

19 

Green  Revolution  Wheat 

1950 

1966 

16 

El ectrophotography 

1937 

1959 

22 

Input-Output  Econ(»ric  Analysis 

1936 

1964 

28 

Organophosphorus  Insecticides 

1934 

1947 

13 

Oral  Contraceptive 

1951 

1960 

9 

Magnetic  Ferrites 

1933 

1955 

22 

Video  Tape  Recorder 

1950 

1956 

6 

Average  Duration 

19.2 

Despite  the  relatively  long  period  of  development  required  for 
the  first  realization  of  most  technological  advances,  that  period  has 
been  shortened  remarkably  for  remote  sensing  technology,  particularly 
as  it  refers  to  use  of  Landsat  imagery. 

Currently  operational  remote  sensing  applications  are  limited  In 
number  and  other  applications,  though  m«erous,  are  often  difficult 
and  complex,  requiring  intensive  research  and  development  before  they 
can  be  applied  on  a routine  basis.  Even  proven  applications  that  have 
yielded  to  research  require  development  and  denonstration  to  make  them 
routinely  useful.  There  has  always  been  a considerable  time  gap 
between  the  completion  of  research  and  the  stage  of  practical  useage 
unless  an  extensive  concerted  effort  is  made  to  close  the  gap. 

As  we  evaluate  the  areas  of  our  investigations  that  pertain  to 
the  usefulness  of  research  efforts  we  must  keep  in  mind  the  specific 
needs  of  users.  In  that  regard  success  depends  on  a rare  blend  of 
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far  vision  and  near  vision  - so  •stated  by  an  editor  of  Fortes 
nagazine.  According  to  this  editorial,  the  Greek  philosopher  Thales 
fell  into  a well  while  strolling  along,  gazing  at  the  stars.  It  was 
his  penchant  for  gazing  at  the  heavens  that  made  him  great,  but 
failure  to  keep  his  eyes  on  the  ground  killed  him. 

Participation  and  cooperation  among  federal  and  state  agencies, 
industry  and  universities  are  some  of  the  mast  progressive  actions 
that  can  occur.  An  example  of  this  is  the  soil  moisture  workshop 
jointly  sponsored  by  NASA  and  USDA  and  organized  by  South  Dakota 
State  lAilversity.  Many  of  you  attended  that  workshop.  Remote 
detection  of  soil  moisture  had  long  been  an  elusive  goal.  Research 
efforts  as  well  as  research  goals  have  long  been  uncoordinated  as 
they  progress  down  narrow  avenues  with  limited  objectives  using 
available  research  equipment  rather  than  optimum  equipment.  The 
workshop  was  attended  by  over  100  scientists,  engineers  and 
adninistrators  from  government,  universities  and  industry.  The 
workshop  reconsnendations  should  lead  to  a coordinated,  adequately 
financed  research  and  development  program,  NASA  has  held  other 
workshops.  Also,  the  U.S.  Amy  Engineers  recently  held  a hydrology 
workshop  in  Vicksburg,  Mississippi,  similar  to  the  soil  moisture 
workshop,  but  also  involving  other  aspects  of  water.  The  workshop 
involved  federal  and  state  government  and  university  specialists. 


158 


Bridging  the  Gap  Between  ftescarch  and  Applications 

kn  example  of  bridging  the  re search -users  cap  Is  the  work  In 
South  Dakota  by  Westin  (1973),  Frazee,  et  a1.  (1974),  and  others. 

In  doing  so  they  Involved  graduate  students  who  used  segments  of  the 
research  projects  for  theses  and  thus  were  Involved  In  useful  studies. 

The  suitability  of  soils  for  various  land  uses  In  the  more 
Intensively  utilized  areas  Is  routinely  Interpreted  by  soil  scientists 
of  the  National  Cooperative  Soil  Survey.  In  less  populated  areas  the 
necessary  soils  maps  are  frequently  not  available  or  may  be  outdated. 
Early  studies  by  Westin  and  flyers  (1973),  reported  on  the  utility 
of  Landsat  Images  for  Identifying  soil  associations  In  western  South 
Dakota.  Landsat  Imagery  then  provided  Frazee  and  associates,  1974, 
with  a tool  for  making  resource  Inventories  In  Pennington  County  in 
the  same  area.  The  resources  consisted  of  soils,  geologic  material, 
and  vegetation.  Field  checking  consisted  of  a resource  team  of  soils, 
geology,  and  range  science  specialists  traversing  the  area.  The 
final  product  was  a series  of  base  maps  and  overlays  delineating  the 
resource  areas  for  an  area  of  400, OCX)  hectares  at  a scale  of  1:250,000. 

The  real  payoff  for  this  activity  came  about  in  developing  a 
method  for  determining  land  values  for  tax  assessment  based  on  soil 
inventory  data  and  land  sales.  Soil  inventory  data  necessary  to  use 
this  method  are  not  available  for  over  40  of  the  67  counties  in  South 
Dakota.  General  soils  information  must  be  used  until  detailed  soil 
surveys  are  completed  in  those  counties. 

As  a follow  up  to  the  development  work  for  resource  surveys  in 
South  Dakota  we  were  instrumental  in  developing  procedures  for  using 
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renott  sensing  twhnology  for  assessing  natural  resources  In  several 

developing  countries.  In  Mexico  procedures  were  established  In 

cooperation  with  Mexican  scientists  to  assess  42.5  million  hectares 

of  land  for  pot«»t1al  develoj»»nt  of  better  utilization  of  water 

resources.  In  the  process.  Mexican  scientists  and  engineers  were 

trained  In  the  new  technology  so  they  could  utilize  the  results  of 

the  studies  and  be  self  sufficient  In  utilizing  remote  sensing 

technology  In  other  resource  studies. 

Later*  based  on  these  reconnaissance  procedures,  a generalized 

resource  survey  with  ground  checks  was  completed  In  southern  Sudan 

by  O.G.  Moore  and  Associates  from  South  Dakota  State  University.  This 

2 

survey  of  160,000  km  provides  certain  soil,  g«)logy,  vegetation  and 
other  data  necessary  to  use  In  the  analysis  of  resources.  The  survey 
was  conducted  and  results  were  published  in  only  18  months  which 
Illustrates  that  basic  data  even  in  remote  areas  can  be  derived  rather 
guickly.  In  areas  where  it  is  not  convenient  or  possible  to  make 
detailed  ground  checks,  the  World  Soil  Map  (FAO)  provides  much 
useful  information  which  can  frequently  be  Improved  upon  by  using 
satellite  imagery. 

Recommendations  for  Strengthening  Research  Groups 

1 In  addition  to  the  permanent  staff,  provide  for  short-term 
positions  by  visiting  scientists.  Individuals  on  leave  of 
absence  from  universities  and  Industry  In  this  country  and 
from  foreign  governments  can  bring  new  Ideas  and  enthusiams 
into  an  organization. 
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2 If  at  all  possiblt,  defy  the  trewl  of  many  universities  of 
permitting  staff  numbers  to  attend  only  a single  national 
meeting  and  little  else  and  many  times  having  to  personally 
bear  a portion  of  the  expense.  In  opinion  the  best 
sabbatical  you  can  provide  for  researchers  and  teachers  is 
frequent  attendance  at  professional  meetings  such  as  this 
one.  Other  useful  exwrples: 

Att«)d  symposia 

Consult  for  federal  and  international  groups 
Invite  visiting  scientists  to  give  lectures 
Accept  speaking  engaganents  to  diverse  groups 
Write  review  papers  and  research  papers 

3 Adhere  to  reporting  and  research  schedules.  Universities 
are  notorious  for  Inability  to  adhere  to  tight  project 
schedules.  Teaching  faculty  are  particularly  noted  for 
this  fault,  perhaps  because  they  must  regularly  meet  tight 
teaching  schedules  and  thus  may  feel  that  they  can  let  the 
research  slide, 

4 Nothing  breeds  success  like  success  itself.  Perhaps  one-third 
to  one-half  of  the  rating  in  considering  research  or 
educational  proposals  is  based  on  the  reputation  and  capability 
of  the  Individual  and  the  department.  Nothing  does  more  to 
boost  these  ratings  than  a past  record  of  successful 
completion  of  projects  and  timely  submission  of  reports. 


161 


5 Publish  - avoid  publish  or  perish  pressure*  but  do  not  let 
reports  to  funding  agencies  be  the  final  publication. 

6 Write  - write  continually.  Me  are  In  an  era  of  short  time 
fuses.  It  Isn't  uncommon  to  have  a month  or  less  to  respond 
to  a "Request  for  Proposal."  I can  recall  when  It  was 
considered  optimum  to  spend  many  months  preparing,  reviewing, 
rewriting,  etc.  proposals.  Review  the  subject  of  your  Interest, 
write  a comprehensive  review,  write  on  various  facets  of 

It.  It  Is  difficult  to  sit  down  and  write  coherently  under 
pressure.  If  you  write  frequently  at  your  leisure,  you  will 
find  It  easy  to  assemble  a final  product  when  the  tight 
guidelines  are  laid  down. 

7 If  you  are  an  administrator  - put  your  money  on  the  winner. 

8 Include  all  segments  of  a research  group  In  the  planning 
process.  It  Is  disconcerting  to  a data  handling  specialist, 
for  example,  to  be  asked  to  analyze  Inadequate  data  which  he 
had  no  hand  In  planning. 

9 Strive  to  overconw  departnwntal  and  school  rivalries  In 
research.  A research  authority  has  said  "authorities", 
"disciples",  and  "schools"  are  the  curse  of  science;  and 

do  more  to  Interfere  with  the  work  of  the  scientific  spirit 
than  all  Its  enemies. 

10  Seek  to  share  physical  resources  and  expertise  with  other 
universities  and  with  researchers  In  government. 
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RaSi<>DA^  Raaota  Sanaint  Appllcatlona  Prograa 
National  Aaronautiea  and  Spaca  Adainiatration 

INTR(H>UCTION 


By  charter,  NASA  is  a rasaarch  and  davalopnant  agency.  Bacauaa  opera- 
tional ras^msibility  for  using  the  technology  developed  frequently  rests  with 
other  organisations,  technology  transfer  to  those  users  has  always  been  a cen- 
tral feature  of  NASA  progratas. 

In  each  isajor  area  of  responsibility,  a variety  of  nechanisms  has  been 
established  to  provide  for  this  transfer  of  operational  capability  to  the 
proper  end  user,  be  it  a Federal  agency  (e.g.,  in  the  case  of  weather  satel- 
lites), industry  (e.g.,  in  the  case  of  cosnunications)  or  other  public  sector 
users  (e.g.,  state  govermaent  in  the  case  of  reeote  sensing).  In  addition, 
the  Technology  Utilisation  prograa  was  established  to  cut  across  all  prograa 
areas  and  to  aake  available  a wealth  of  "spinoff"  technology  (i.e.,  secondary 
applications  of  space  technology  to  ground-based  use). 

The  transfer  of  remote  sensing  technology  particularly  to  state  and 
local  users  — presents  some  real  challenges  in  application  and  education  for 
NASA  and  the  university  community.  The  purpose  of  this  paper  is  to  describe 
NASA's  approach  to  the  transfer  of  remote  sensing  technology  and  the  current 
and  potential  role  of  universities  in  the  process. 


DEVELOPMENT  OF  REMOTE  SENSING 


NASA  use  of  airborne  remote  sensors  to  assist  in  the  solution  of  state 
and  local  government  problems  emerged  from  Internal  policy  recommendations  in 
1970.  Two  years  later,  the  systematic  evaluation  of  satellite  remote  sensing 
capabilities  began  with  the  launch  of  Landsat  1 in  1972.  Some  325  Landsat  I 
investigations  and  over  100  Landsat  2 investigations  were  conducted  under  NASA 
sponsorship,  largely  by  universities,  to  assess  the  utility  of  space-borne 
sensors  for  resource  and  environmental  monitoring.  They  laid  the  baJls  for 
applications  to  follr>w,  but  were,  in  many  cases,  one  of  a kind  activities. 

A more  comprehensive  NASA  progrwa  to  verify  the  utility  of  Landsat  data 
and  further  its  adoption  beyond  the  scope  of  basic  R&D  programs  was  undertaken 


*Presented  at  Conference  tor  Remote  Sensing  Educators,  Stanford  Univer- 
sity, Palo  Alto,  CA,  June  27,  1978. 


through  the  Applications  Systems  Verification  and  Transfer  (ASVT)  program, 
initiated  in  1975.  Now  expended  to  technology  areas  other  than  remote  sensing, 
19  ASVT  projects  have  been  undertaken  to  date,  providing  in-depth  proof  of  con- 
cept demonstration  for  a vc.iety  of  technology  applications  in  operational 
environments. 

ASVT  project  selection  criteria  stress  large-scale  applications  with 
major  potential  benefits,  the  use  of  demonstrated,  but  not  necessarily  fully 
validated  technology,  user  cotonitmenC  of  resources,  Indtistry  involvement,  and 
a definite  endpoint  for  NASA  participation.  ASVT's  utilize  a total  "systems" 
approach  to  projects  and  are  designed  to  address  all  factors  that  might  affect 
eventual  adoption  of  the  technology  for  operational  use,  from  technical  sound- 
ness to  cost  benefit  to  institutional  arrangements.  Extensive  documentation 
from  these  projects  serves  both  to  assist  technology  transfer  lo  pew  users  and 
to  provide  a source  of  verified  applications  to  train  resource  managers  in  the 
use  of  remote  sensing. 


UNIVERSITY  PROGRAMS  IN  REMOTE  SENSING 


Since  1974,  the  NASA  University  Applications  program  has  supported  the 
application  and  transfer  of  remote  sensing  technology  by  encouraging  direct 
Interaction  between  universities  and  state  and  local  governments  (figure  1). 
Programs  begin  with  identifying  users  and  problems  and  focusing  on  those  prob- 
lems where  remote  sensing  can  provide  information  needed  to  make  specific 
resource  management  decisions.  The  program  also  serves  to  establish  remote 
sensing  capabilities  within  the  universities  that  can  continue  to  support  users 
after  NASA  support  has  been  phased  out. 

Since  1974,  26  schools  (flg.^  2)  have  been  supported  under  a step-funded 
grant  program  that  progressively  builds  capabilities  in  new  geographical  areas 
as  previously  supported  programs  became  self-sustaining.  As  a side  benefit, 
there  has  been  a large  growth  in  the  availability  of  remote  sensing  education. 
In  1977,  137  courses  were  given  to  some  2,906  students  with  participation  by 
the  universities  shown  in  figure  3. 

A 1978  evaluation  conducted  by  the  Battelle  Columbus  Laboratories  con- 
cluded that  as  a result  of  the  program,  state  and  local  government  involvement 
in  remote  sensing  was  growing,  the  program  provided  a nucleus  for  attracting 
Independent  support,  and  that  the  teaching  of  remote  sensing  was  growing 
(fig.  4). 


REGIONAL  REMOTE  SENSING  APPLICATIONS  PROGRAM 


In  1976,  the  General  Accounting  Office  (GAO),  the  National  Conference  of 
State  Legislatures  (NCSL) , and  the  Space  Applications  Board  (SAB)  (a  NASA 
advisory  gioup  under  the  National  Research  Council),  reconanended  an  increase 
..id  focus  in  NASA  remote  sensing  technology  transfer  efforts,  particularly  to 
state  and  local  governments.  In  response  to  those  recommendations,  the 
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Rtgional  Rraote  Sensing  Applications  Program  was  initiated  in  January  1977. 

The  goal  of  the  program  is  to  systematically  transfer  to  state  and  local  gov- 
emaents  the  ability  to  effectively  use  Landsat  data  for  their  resource  and 
environmental  managment  and  planning  decielone  (flg<  5). 

The  program  is  remote  sensing  oriented  and  provides  a more  direct  approach 
to  assistance  (including  “hands-on"  training)  than  had  been  the  case  in  past 
NASA  program.  A unified,  national-scale  approach  is  provided  through  three 
NASA  centers,  designated  Regional  Centers,  serving  as  cent '.ct  points  for  the 
states  in  their  regions,  and  as  locations  where  NASA  could  build  on  existing 
capabilities  to  provide  the  full  range  of  user  services  required.  The  three 
centers  are: 

e The  Ames  Research  Center  — Responsible  for  a 14-state  western  region; 

e The  Goddard  Space  Flight  Center  — Responsible  for  a 19-state  ■ustern 
region;  and 

e The  National  Space  Technology  Laboratorles/Eartb  Resources  Laboratory  — 
Responsible  for  17  southern  and  central  states. 

Other  field  centers  provide  liaison  and  Information  dissemination  support 
to  the  programs  carried  out  at  the  three  Regional  Centers. 

The  transfer  objectives  of  the  program  are  met  through  four  specific  types 
of  activity  (fig.  6)  as  follows: 

User  Awca>ene88  programs  serve  to  inform  decision  makers  and  agency  per- 
sonnel about  the  capabilities  of  remote  sensing  and  the  experience  of  users 
elsewhere.  Typical  activities  Include  workshops  (such  as  a series  of  five 
workshops  run  by  the  National  Conference  of  State  Legislatures  in  1977-78  for 
state  legislators)  as  well  as  direct  contacts  with  executive  offices  and  state 
agency  heads  to  Inform  them  of  remote  sensing  capabilities  and  to  Initiate 
planning  for  individual  state  programs.  As  of  June  1978,  working  contacts 
have  been  established  in  37  states,  legislative  workshops  held  In  seven  states 
and  multi-agency  workshops  have  been  held  In  19  states. 

Training  of  state  personnel  with  operations]  responsibility  for  resource 
management  has  two  objectives.  First,  it  is  a necessary  step  In  helping  states 
acquire  a remote  sensing  capability.  Also,  It  prepares  these  person  '5>.l  for 
direct  participation  In  the  demonstration  projects  described  below.  Presently, 
the  three  Regional  Centers  provide  both  basic  and  advanced  applications  train- 
ing; eventually  we  envision  all  basic  training  to  be  handled  by  the  states, 
probably  through  universities  although  that  must  remain  the  choice  of  the  indi- 
vidual state.  Ue  are  working  toward  this  goal  through  the  sponsoring  of 
university-taught  short  courses  to  assist  and  promote  the  integration  of 
remote  sensing  Into  undergraduate  and  graduate  curricula,  and  through  confer- 
ences like  this  one  to  encourage  Interchange  of  experiences  and  techniques  In 
the  teaching  of  remote  sensing.  Since  January  1977,  over  200  Individuals  have 
received  basic  and,  In  many  cases,  advanced  technical  training;  another  250 
managers  and  policymakers  have  received  less  intensive  orientation  level 
training. 


167 


Dfimnatxvition  vroJeatB  provide  low-risk  opportunities  for  potential  users 
of  reaote  sensing  to  evaluate  specific  applications  In  their  otm  working  envl- 
ronasnts.  Because  the  end  objective  Is  operational  use  of  remote  sensing, 
dttBonstration  projects  ssist  draw  only  on  %iell  proven  technology,  such  as  that 
£r<»  ASVT  or  maturing  B&D  programs.  Hie  objectives  of  the  projects  are  to 
point  the  vmy  to  better  use  of  available  resource  information  and  to  provide 
the  user  with  a basis  for  deciding  If  remote  sensing  can  meet  their  operational 
needs.  "Hands-on”  user  participation  Is  a requirement  to  assure  that  the  user 
has  a first-hand  basis  for  such  decisions  and  projects  are  generally  of  a 
multi-disc Ipllnary  nature  to  provide  as  much  of  a cross-section  of  the  poten- 
tial range  of  applications  as  possible.  The  likelihood  of  a state  deciding  to 
establish  an  operational  remote  sensing  capability  Is  vastly  increased  if  It 
meets  a variety  of  needs  rather  than  a single  one.  Demonstration  projects  of 
varying  cosqplexlty  are  now  underway  in  14  states  with  another  half  dozen  expec- 
ted before  the  end  of  the  year. 

Teohnioal  oseietanoeM  the  last  area  of  activity,  Is  perhaps  the  essence 
of  actual  transfer  — a continuing  interface  with  users  establishing  or  operat- 
ing their  own  capability  to  utilize  Landsat.  Activities  Include  joint  evalua- 
tion of  state  conducted  projects,  providing  Information  on  new  technology  and 
the  building  of  user  contacts  with  sources  of  services,  hardware,  software  and 
other  expertise  outside  NASA  that  can  provide  continuing  operational  assis- 
tance. Stimulation  of  private  sector  software,  hardware  and  service  capabili- 
ties Is  necessary  as  well  as  the  building  of  links  between  the  state  agencies 
and  universities  for  operating  arrmgements,  technical  advice  and,  where  appro- 
priate, operational  support. 


FUTURE  DIRECTIONf 


Turning  tc  the  future,  there  are  two  areas  of  activity  that  offer  encour- 
agement for  remote  sensing,  one  for  the  area  as  a whole,  and  the  second  for  the 
university  cole  in  particular. 

Because  Landsat  is  an  R&D  program,  continued  availability  of  satellite 
data  has  never  b«>en  guaranteed.  In  December  1977,  a major  step  was  taken 
toward  assuring  continuity  of  data  with  the  Administration's  decision  to 
Include  a multlspectral  scanner  on  Landsat-D,  thus  providing  continuity  with 
Landsats-1,  2 and  3.  In  March  of  1978,  Dr,  Frank  Press ^ the  President's  sci- 
ence advisor  and  director  of  the  Office  of  Science  and  Technology  Policy 
(OSTP),  requested  a survey  of  state  uses  of  Landsat  by  the.  Intergovernmental 
Science  Engineering  and  Technology  Advisory  Panel  (ISETAF),  a committee  created 
to  advise  OSTP  on  state  and  local  government  needs.  The  result  was  a strong 
endorsement  for  Landsat  by  state  governments  and  a call  for  establishment  of 
an  operational  system.* 

’^Several  months  after  this  conference,  in  October  1978,  tne  White  House 
Issued  a U.S.  Civil  Space  V'c.j.zy  Fact  Sheet  committing  to  "continue  to  provide 
data  from  the  developmental  Landsat  program."  The  statement  also  gave  NASA 
responsibility  for  chairing  an  interagency  task  force  to  examine  options  for 
integrating  current  and  future  systems  into  an  Integrated  national  system. 
Several  bills  have  been  proposed  in  the  Congress  to  provide  for  immediate 
establishment  of  an  operational  system. 
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ISEIAF  found  that  aoma  35  itates  hava  used  Lsndsat  in  137  applications  in 
the  planning  and  management  of  resources  with  land  cover  inventories 
(18  states)  and  water  quality  assess^nts  (16  states)  being  the  most  prominent 
uses.  Although  many  of  the  cases  cited  were  one-time  uses,  seven  states  have 
an  operational  Landsat  capability,  and  12  states  legislatively  recognize  Land- 
sat  programs.  Of  the  28  states  that  have  used  Landsat  in  operational  programs, 
a number  are  on  the  verge  of  full  operational  commitments.  ISETAP  estimated 
that  by  1979,  $9  million  of  state  funds  and  $8.5  million  of  state-controlled 
Federal  funds  will  have  been  used  for  Landsat  programs  with  a definite  rise  in 
coBOBitments  expected  in  the  future. 

An  analysis  of  barriers  to  expanded  use  of  Landsat  led  to  six  recommenda- 
tions shown  in  figure  7.  The  growing  enthusiasm  of  the  states  for  future  use 
of  remote  sensing  is  implicit  in  the  strength  of  the  recommendations,  many  of 
which  require  national  policy  decisions  beyond  the  scope  of  NASA  programs. 
Prominent  among  the  recommendations  is  the  call  for  comprehensive  and  continu- 
ing Federal  technology  transfer  programs  — specifically  to  accomplish  the  types 
of  activity  that  have  been  discussed  above. 

The  panel  also  addressed  the  role  of  universities  in  the  program,  calling 
for  their  continued  involvement  in  Landsat  programs  in  providing  remote  sensing 
education,  exploratory  research,  development  of  specific  applications  and  data 
products,  training  of  state  and  local  officials,  and  providing  consultation 
and  advice.  They  did,  however,  acknowledge  potential  problem  areas  in  that: 

(1)  university  roles  have  traditionally  been  oriented  to  R&D  rather  than  the 
operational  support  called  for  in  some  cases;  and  (2)  universities,  particu- 
larly state  universities,  were  frequently  subject  to  political  tensions  that 
could  affect  their  participation. 

The  OSTP’s  analysis  of  this  report  continues  along  with  a broader  evalua- 
tion of  the  institutional,  technical,  socio-economic  and  other  issues  central 
to  the  establishment  of  a national  operational  Landsat  system,  but  the  outlook 
is  extremely  promising. 

The  second  area  of  major  future  interest  to  the  university  community  is 
the  recent  establishment  of  a policy  on  academic  involvement  in  R&D  programs 
by  NASA  Administrator  Robert  Frosch;  excerpts  from  this  policy  are  shown  in 
figure  8.  The  policy  is  directed  to  the  basic  research  portion  of  NASA's 
discipline-oriented  R&D  programs  and  calls  for  "'general  strengthening  of  aca- 
demic programs  in  creative  and  independent  research  in  aerr space  science  and 
engineering."  In  brief,  the  policy  brings  renewed  recognii.ion  of  the  fact  that 
much  of  the  nation's  expertise  for  addressing  the  major  unsolved  problems  in 
all  NASA's  R&D  programs  lies  in  the  universities. 

Specific  plans  for  implementing  this  policy  are  still  under  development, 
but  this  affirmation  of  continued  support  for  the  active  participation  of  uni- 
versities in  the  NASA  program  augers  well  for  the  role  of  universities  in  the 
development  of  national  capabilities  for  using  remote  sensing. 
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UNIVERSITY  PARTICIPATION  IN  RB»TE  SENSING 


With  that  background,  figure  9 outlines  a number  of  specific  future  roles 
that  universities  can  play  in  NASA's  remote  sensing  progru^. 

Education,  a primary  university  function,  is  a basic  need  in  Che  process 
of  technology  transfer  and  universities  must  strengthen  their  capability  for 
providing  rsuKtCe  sensing  education.  Conferences  such  as  this  one  can  help  to 
stimulate  and  reinforce  that  process,  but  the  initiative  remains  with  the  uni- 
versity. NASA-sponsored  short  courses  may  encourage  sosie  general  acceptance 
of  remote  sensing  in  new  departments,  but  universities  imist  also  take  initia- 
tives to  integrate  remote  sensing  in  existing  curricula,  and  to  use  remote 
sensing  both  as  a teaching  tool  and  as  a £und«t»ntal  source  of  data  for  solving 
problems.  Remote  sensing  will  not  entirely  come  of  age  until  it  becomes  a 
natural  and  expected  source  of  information  in  agriculture,  forestry,  hydrology, 
planning,  and  a host  of  other  discipline  areas  that  are  the  training  grounds 
of  future  resource  managers. 

There  is  a need  to  develop  new  types  of  training  material,'  and  n»ans  must 
be  established  to  provide  for  the  continued  exchange  and  shared  use  of  mate- 
rials. The  definition  of  training  requirements  and  identification  of  available 
training  materials  through  the  university-based  Remote  Sensing  Science  Council 
(established  through  the  Western  Regional  Applications  Program)  are  two  steps 
in  that  direction. 

The  role  of  universities  In  NASA  research  is  an  important  and  growing  one 
with  increased  opportunities  to  be  provided  through  current  mechanisms  as  the 
Applications  Notice  process  and  flight  experiment  solicitations  and  those  new 
Initiatives  developed  as  a result  of  the  academic  Involvement  policy  referred 
to  above.  The  University  Affairs  Applications  Program  will  continue  to  build 
university  capabilities  in  remote  sensing  to  meet  state  resource  management 
needs,  in  coordination  with  the  statewide  activities  being  developed  through 
the  Regional  Remote  Sensing  Applications  Program. 

Turning  to  technical  opportunities,  there  remains  a major  need  for  better 
processes  to  extract  information  from  sensor  data;  chat  step,  of  transforming 
data  into  information,  is  the  critical  step  in  making  remote  sensing  accessible 
for  operational  use.  Another  s'-^a  of  growing  importance  to  resource  management 
is  that  of  geobased  information  systems.  Landsat,  or  any  remote  sensor,  is 
but  another  source  of  information.  Used  alone,  that  Information  is  of  limited 
value,  but  when  systematically  combined  with  information  from  other  sources, 
using  the  immense  data  processing  capability  of  digital  computers,  the  value 
and  utility  of  the  data  is  enhanced  many-fold.  Much  remains  to  be  done,  both 
to  further  develop  information  systems  and  to  optimize  the  interface  of 
remotely  sensed  data  with  these  systras.  Much  (but  not  all)  of  this  work  is 
of  a development  nature  rather  chan  basic  research,  but  it  represents  the  kind 
of  technology  that  must  be  available  for  transfer  in  the  next  few  years  if 
remote  sensing  is  to  realize  its  true  potential. 

User  training  is  likely  to  remain  a major  area  of  direct  university  assis- 
tance to  state  programs.  Basic  training  in  remote  sensing  is  a transitory 
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part  of  the  NASA  program,  and  rapid  assumption  of  that  function  by  universities 
and  other  qualified  sources  will  hasten  the  ability  of  state  programs  to  become 
self-sustaining. 

Where  remote  sensing  programs  are  established  in  state  governments,  uni- 
versities will  continue  to  be  relied  upon  for  technical  assistance  in  applying 
the  technology  to  traditional  areas  such  as  agriculture;  forestry,  etc.,  as 
extensions  of  current  cooperative  programs  with  state  agencies. 

Finally,  substantial  opportunities  may  exist  for  universities  to  provide 
operational  support  to  the  comprehensive  resource  management  programs  now 
evolving  in  the  states.  The  degree  to  which  university  capabilities  are  uti- 
lized depends  on  policies  of  the  state  and  its  traditional  relationships  with 
its  colleges  and  universities  as  well  as  the  degree  to  which  universities  can 
and  are  prepared  to  adopt  operational  roles  in  many  cases  quite  different  from 
traditional  research  roles. 

The  education  and  training  of  resource  managers  to  help  them  understand 
the  value  of  remote  sensing  and  then  to  begin  relying  on  it  as  a dependable 
and  valuable  source  of  information,  is  a job  chat  we  are,  in  many  ways,  late  in 
starting.  Universities  have  much  to  contribute,  and  we  look  forward  to  your 
active  participation  in  building  capabilities  for  what  promises  to  be  one  of 
the  most  significant  information  explosions  of  the  decade. 


171 


OFFICE  OF  UNIVERSITY  AFFAIRS 
University  - Space  Applications 


Forms  of  Interaction 

institutional  commitment  to  public  service 

identify  state  and  local  problems  which  remote  sensing  can  help  solve 

Assist  potential  users  to  learn  how  better  to  use  remote  sensing 

Conduct  remote  sensing  applications  programs  to  bring  remote  sensing 
technology  to  bear  on  the  solution  of  selected  problems 

Stimulate,  guide,  and  aid  the  faculty  and  students  and  others  in  the 
state  to  utilize  information  from  the  NASA  earth  resources  satellite 
and  aircraft  flights  in  research  and  public  service  activities 

Provide  a center  of  expertise  and  an  operational  laboratory  for 
short  course  training  and  assistance  in  solving  problems 

Make  certain  specialized  equipment  and  images  available  to  users 
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Figure  3 


STUDENTS  AND  COURSES  IN  UNIVERSITY 
REMOTE  SENSINE  PR06RAI1S 
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Figure  4 


UNIVERSITY  PROGRAMS  IN  REMOTE  SENSING 
CURRENT  OBSERVATIONS 


0 ALL  OF  THE  PROGRAMS  HAVE  AHA  I NED  SOME  LEVEL  OF  STATE/IOCAL 

INVOLVEMENT 

0 SUCH  I NVOLVEMENT  DEPENDS  ON  SEED  MONEY  TO  DEMONSTRATE 

APPLICATIONS  BEFORE  STATE/LOCAL  AGENCIES  WILL  PROVIDE  FUNDINa 
STATE/LOCAL  FUNDING  HAS  INCREASED  FROM  $258^ 000  IN  1974 
TO  $985,000  IN  1977. 

0 213  OF  THE  PROGRAMS  HAVE  MINOR  PRIVATE  SECTOR  I NVOLVEMENT 

0 UNIVERSITY  PARTICI  RATION  IN  REMOTE  SENSING  IS  LARGE  AND  GROWIN& 

OVERALL  DURING  1977,  137  COURSES  WERE  TAUGHT  TO  A TOTAL  OF  2906 
STUDENTS.  195  FACULTY  MEMBERS  AND  393  RESEARCH  ASSI STANTS  WERE 
INVOLVED  IN  THE  RESEARCH  PROJECT. 
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REGIONAL  REMOTE  SENSING  APPLICATIONS  PROGRAM 
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FOaOW-ON  CONSULTATION  WITH  USER  AND 
STIMULATION  OF  NON-FEDERAL  SOURCES 
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ISETAP  RECOMMENDATIONS 


9 FEDERAL  COMMITMENT  TO  DATA  CONTINUITY  AND  COMPATI BILITY 

0 FEDERALLY  SUPPORTED  SYSTEM  - VIEW  AS  A PUBLIC  SERVICE 

0 DEFI NE  FEDERAL  AGENCY  RES  PONS  I Bl  LI  Tl  ES  - LEAD  A(XNCY  NEEDED 

0 FEDERAL  COMAM  TMENT  TO  I NVOLVE  STATES  THROUGH  REPRESENTATIVE 

BODIES 
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0 IMPROVED  DATA  PROCESSING  AND  DELIVERY  SYSTEM 


•j 


F'gure  8 


POLICY  FOR  ACADEMIC  INVOLVEMENT 
I N THE  NASA  R&D  PROGRAM 


0 ACADEMIC  SCIENTISTS  WILL  CONDUCT  A SUBSTANTIAL  PORTION  OFTHE 
BASIC  RESEARCH  IN  ALL  DISCIPLINES  IN  THE  NASA  PROGRAM 

0 ACADEMIC  SCIENTISTS  WILL  PARTICIPATE  . . IN  ALL  PHASES  OF  BASIC 
RESEARCH 

0 ACADEMIC  BASIC  RESEARCH  GROUPS  WILL  BE  ENCOURAGED  TO  SHOW 
INDEPENDENCE  AND  CREATIVITY  IN  THEIR  WORK 

0 BASIC  RESEARCH  OPPORTUNITIES  USING  SPECIFIED  NASA  SPACECRAR  Wia 
BE  AVAILABLE 

e NASA'S  RESEARCH  FACILITIES  WILL  BE  AVAIUBLE  TOR  BASIC  RESEARCH  . . 

e COOPERATION  IN  BASIC  RESEARCH ...  WILL  BE  ENCOURAGED 

0 CONTINUING  PROGRAMS  Wl  LL  BE  SUBJECT  TO  PEER  EVALUATION  AT  LEAST  ONCE 
EVERY  THREE  YEARS 

0 NASA’S  RELATIONS  WITH  THE  UNIVERSITY  COMMUNITY  WILL  BE  CONDUCTED  IN  A 
MANNER  THAT  REFLECTS  CONCERN  AND  UNDERSTANDING  FOR  THE  ROLE  OF 
UNIVERSITIES  IN  EDUCATION  AND  RESEARCH.  . . 
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UNIVERSITY  PARTICIPATION  IN  REMOTE  SENSING  PROGRAMS 
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NASA’S  WESTERN  REGIONAL  APPLICATIWS  TRAINING  ACTIVITY 

Charlts  E.  PouHon 
Training  Officer 
WRAP 
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i 

\ 

Ladles  and  gentla^n  and  colleagues,  the  title  of  presentation 
might  lead  you  to  expect  that  I am  going  to  stand  up  here,  at  this  early  i 
point  in  the  Conference,  and  tell  you  all  tte  great  things  that  the  train-  | 

Ing  component  of  the  Western  Regional  Applications  Program  is  doing  to  | 

support  the  daronstration  iwojects  and  to  foster  a more  effective  tech-  } 

nology  transfer  in  this  important  and  dynamic  field  of  remote  sensing.  \ 

This  is  not  n»y  purpose,  although  the  full  staff  at  is  working  very 

I 

hard  to  achieve  these  goals  in  so^  sectors,  and  to  increase  the  i 

j 

total  capability  to  achieve  them  in  all  areas.  \ 

We  have  a concerted  program  of  demonstration  and  training-related  i 

activity  going  on  in  six  of  the  states  in  our  14-state  Western  Region  and  | 

some  limited  activity  in  a couple  of  other  areas.  I do  not,  however,  wish  j 

to  lull  you  into  the  feeling  that  this  is  enough  or  that  we  have  all  the  | 

msmrs  as  to  how  it  should  be  done.  We  need  your  help  most  critically  | 

because  tte  job  i*:  not  getting  done  anywhere  near  in  proportion  to  need. 

We  do  not  yet  have  a critical  mass  of  manpower  and  resources  devoted  to 
this  effort,  and  m do  need  to  think  through  and  formulate  a stronger 
cooperative  program  with  the  educational  institutions  in  the  region. 

One  of  our  goals  is  to  increase  your  direct  involvement  in  transfer 
of  the  latest  technology  within  the  states  and  ecological  regions  that  you 


represent.  An  IntersMidlate  goal  is  seen  in  one  of  the  primary  purposes  of 
C0l^£-78— naimsly,  to  get  you  people  from  the  educational  institutions 
imrolv^  tn  helloing  us  to  formulate  a sound,  education/training  program 
to  clarify  or  specify  the  roles  that  the  educational  institutions,  NASA 
and  other  goverm^t  agencies,  and  the  involved  se^nt  of  industry  should 
play  In  achieving  the  standards  of  education  and  training  to  ensure  that 
t«:hnology  transfer  will  keep  pace  reasonably  well  with  the  advancenents  of 
the  art  and  science  of  r»iote  sensing. 

Since  I have  been  involved  personally  in  the  program  for  quite  a few 
years,  I do  have  a few  Ideas  ti»t  I want  to  share  with  you— hopefully  as 
a stimulus  to  your  further  analysis  of  the  problems,  challenges  and  oppor- 
tunities. I also  wish  to  give  you  a quick  rundown  on  some  of  the  policies, 
guidelines  and  concepts  under  which  I believe  that  an  expanded  and  improved 
training  program  should  move  ahead.  I shall,  as  well,  pose  a number  of 
questions  for  your  contemplation.  It  is  my  intention  to  give  you  a back- 
ground in  how  vie  are  thinking  at  the  present  time  which,  hopefully,  will 
serve  as  a launch  platform  for  your  collective  contributions  during  this 
Conference. 

As  you  have  already  been  told,  the  central  purpose  of  the  Western 
Regional  Applications  Program  is  to  stimulate  appropriate  use  of  LANDSAT 
technology  by  state  and  local  governments.  This  is  being  done  initially 
through  denmnstration  projects  but  with  a longer  term  goal  of  finding  and 
identifying  those  uses  and  methodologies  which  do  have  a continuing  and 
worthwhile  role  to  play  in  resource  allocation,  development  and  management 
and  thus,  in  the  improvement  of  human  environment  at  state  and  local 
levels. 
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Vie  hope  to  bring  about  some  ro-adjustment  of  the  proportionate  dis* 
tributlon  In  the  use  of  LWlOSAT  Imagery— with  less  than  2 percent  presently 
being  used  by  state  and  local  governm^ts  and  only  about  10  percent  being 
used  by  colleges  and  universities. 

First,  let  us  consider*  '*What  Is  the  problem,  and  what  are  some  of  Its 
possible  causes?"  With  these  Identified,  perhaps  we  can  Initiate  a cor- 
rective strategy. 

I presim«  most  of  us  would  agree  that,  on  the  average,  among  people  who 
should  know  the  state-of-the-art  In  the  remote  sensing  of  earth  resources 
and  human  envlroranent  there  Is  a substantial  lag  in  real  application.  That 
Is,  too  many  people  are  working  too  far  behind  the  forefront  of  technologi- 
cal capability,  even  within  the  academic  institutions.  If  this  Is  true, 
then  it  follows  that  we  cannot  hope  to  catch  up  in  the  continuing  education 
and  training  of  professionals  already  on  the  job  until  after  the  universities 
themselves  have  Incorporated  state-of-the-art  training  into  their  curricula 
and  new  graduates  are  less  in  need  of  an  update. 

Following  are  some  of  the  reasons  why  I think  we  face  this  challenge. 
Some  of  these  may  give  us  a clue  to  ways  in  which  we  can  meet  the  challenge 
we  face  In  education  and  training. 

1.  The  science  and  technology  is  a very  rapidly,  advanc- 
ing area.  At  best,  it  has  always  been  a challenge  to  keep  up, 
even  for  those  institutions  deeply  involved  from  the  early 
development. 

2.  There  has  been  a slacking  off  of  support  and  of  Involve- 
ment by  the  universities  since  Skylab,  i.e.,  dollars  for  Involve- 
ment have  not  been  there. 
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3.  In  tti#  tarly  development  yeers,  a relatively  limited 
tmt&r  of  universities  became  identified  by  teth  design,  chance 
en4  performnce  as  the  l^ders  In  the  field  of  new  remote  sens- 
ing technology,  often  with  very  high  levels  of  specialization  as 
certain  of  tl^se  Institutions  were  Involved  In  spec1al1z«1  facets 
of  the  technological  developR^nt.  This  lead  to  a situation  tdiere 
the  "In's  were  In"  and  the  "out's  were  out,"  although  In  recent 
years  most  of  these  universities  have  also  been  very  deeply 
Involved  In  training  programs  which  have  tended  to  expand  the 
horizon  of  competence,  as  did  the  ERTS-I,  II  and  Skylab 
experiments. 

4.  In  most  universities  wtere  remote  sensing  Is  taught. 

It  Is  covered  In  one,  two  or  three  departments,  generally  with  a 
very  strong  disciplinary  orientation.  When  one  comes  to  LANDSAT 
and  related  technology,  a multidisciplinary  Involvement  Is  often 
essential  because  the  applications  tend  to  be  broader  In  scope 
and  perspective,  even  though  single  discipline  applications  are 
still  appropriate.  Are  departmental  Jealousies  and  prerogatives 
a hindrance  to  expansion  and  develoixnent?  If  they  exist  In 
relation  to  full  development  of  remote  sensing  education  and 
training,  how  can  we  change  these  attitudes  and  interests  Into  a 
motivating  asset? 

5.  Use  and  application  of  satellite  Imagery  in  practical 
earth  resource  problem  solving  requires  some  new  orientation  of 
thinking  and,  for  many,  a new  conceptualization  of  methodology. 
Many  natural  resources  decision-makers,  managers  and  staff 
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ptople  have  certain  understandaPle  preferences  for  the  higiwr 
resolution  photography  to  which  they  have  been  accustomed. 

This  makes  it  difficult  for  them  to  make  the  necessary  transition 
and  often  to  conceive  how  the  new  LANOSAT  imagery  can  be  useful 
to  them.  The  solution  of  this  problen  similarly  lies  In  the 
area  of  information,  education  and  successful  dm>nstration. 

6.  The  danand  for  students  trained  in  the  technology  iidiich 
reflects  back  from  anployers  to  the  universities  may  not  be  high 
enough  to  put  rarote  sensing  training  in  the  priority  that  we 
wcuid  like.  Me  are  all  v^ll  aware  of  the  extreme  difficulty  of 
getting  any  new  curriculum  or  even  new  courses  approved  In  the 
normal  university  or  college  administrative  and  fiscal  atmos- 
phere, and  recent  enrollment  shifts  have  complicated  rather  than 
ameliorated  this  problan.  I would  like  to  dwell  on  this  point  a 
moment. 

Perhaps  we  have  one  of  the  proverbial  "chicken  and  egg" 
problems.  Is  there  a demand  within  your  state  for  a higher  level 
of  Involvement  on  your  part,  the  educational  institutions,  in 
providing  education  and  training  in  these  new  and  particular 
technologies?  With  state  and  local  use  being  as  low  as  it  is, 
there  is  little  likelihood  that  there  is  pressure,  concern  or 
interest  eranating  from  the  state  and  local  agencies  to  employ 
students  who  have  this  particular  knowledge  and  the  supporting 
skills.  Similarly,  with  23  percent  of  the  use  being  made  by 
federal  agencies,  how  much  of  this  is  telegraphing  back  to  your 
institutions  a need  and  demand  for  Increased  training  above  and 
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b^ond  traditional  photo  Interpretation  and  photogrammetry?  Per- 
haps some  of  are  heavily  Involved  In  foreign  vrark.  Here*  I 
should  Imagine*  you  are  encountering  some  degree  of  Interest  and 
pressure  to  provide  training  or  expertise  In  the  application  of 
this  new  technology  as  part  of  the  solution  to  economic  develop- 
ment and  refinement  in  the  handling  of  natural  resources  by 
developing  nations.  But  what  Is  the  net  effect  of  these  demand 
factors  In  molding  your  Institutional  priorities  for  the  Improve- 
ment In  education/training  and  technology  transfer?  Is  a low 
level  of  demand  part  of  the  dilemma  we  face  In  achieving  education/ 
training  goals?  I suspect  that  It  Is.  Where  lies  the  key  log 
and  how  large  will  the  charge  have  to  be  to  break  It  loose  so 
that  we  can  get  the  full  benefit  of  the  technology  moving  on  down 
the  river? 

In  addition  to  the  aforementioned  pressures  and  encourage- 
ment from  agencies  within  the  state  for  Its  universities  to 
Increase  their  Involvement  In  remote  sensing  training,  there  Is 
another  thing  that  has  to  happen  as  a prelude  to  action.  This 
brings  us  to  the  next  causal  factor. 

7.  The  university  administrator,  chancellor  or  governing 
body  must  realize  that  this  need  Is  an  essential  part  of  service 
to  the  state  and  also  be  aware  of  the  Importance  and  potential 
rewards  to  the  university  of  accoinmodating  that  need.  Until  new 
programs  or  program  expansion  is  sufficiently  high  on  the  priority 
list  of  the  college  and  university  administrator,  nothing  Is  likely 
to  happen.  In  spite  of  faculty  Interest.  If  this  Is  a valid 
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issestmtftt  of  one  phase  of  the  challenge  face,  then  are 

there  smm.  things  that  m from  NASA  and  the  VRAP  program  can 

do  to  help  ease  your  burden  and  challenge  as  faculty?  Ue  have 

envisaged  the  possibility  of  a systmatic  program  of  contact 

with  appropriate  university  adtoilnistrators  or  governing  bodies 

with  a view  to  presenting  the  needs,  opportunities  and  capa-  I 

bllltles  of  state-of-the-art  remote  sensing  technology.  We 

need  your  guidance.  Is  this  an  activity  that  would  be  helpful  J 

and  shall  we  becMie  engaged  In  It?  1 

f 

With  this  partial  picture  of  where  we  stand,  I would  like  to  move  now  | 

\ 

to  a few  Important  guidelines  and  concepts  for  the  training  program  as  we  ! 

see  It. . > 

Starting  with  the  design  of  the  WRAP  denonstratlon  projects  and  follow-  } 
ing  through  to  their  successful  conclusion,  it  Is  imperative  that  those  j 

directly  involved  be  particularly  knowledgeable  about  the  capabilities  and  j 

I 

limitations  of  the  LANOSAT  system,  how  It  can  most  effectively  Interface  1 

f 

with  conventional  methods,  and.  In  a nutshell,  how  to  execute  a thoroughly  f 
successful  demonstration  project  which  makes  use  of  LANDSAT  technology  where 
and  In  a way  that  Is  appropriate.  We  have  approached  these  problems  now 
in  6 of  the  14  western  states,  and  we  find  that  the  requirement  for  short- 
course  training  Is  real  and  urgent  once  a demonstration  project  is  conceived. 

Too  few  of  the  people  now  actively  working  In  their  respective  professions 
with  state  and  local  agencies  have  adequate  training  and  familiarity  fran 
their  prior  college  and  university  experience  to  step  into  and  successfully 
carry  out  a denonstratlon  project  without  substantial  assistance,  close 
guidance  and  some  help  all  along  the  way.  Thus,  It  appears  Imperative  that 
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steps  mst  be  taken  to  make  additional  short-course  training  available 
within  the  participating  states  until  such  time  as  their  own  universities, 
state  colleges  and  community  colleges  can  tool -up  to  carry  the  load- 
recognizing  also  that  tooling-up  Implies  a financing  n»chan1sm  as  well. 

In  meeting  this  Inmedlate  challenge  through  the  training  eleiwnt  of 
WRAP,  NASA  has  no  intention  of  usurping  or  permanently  taking  over  the  respec- 
tive roles  of  these  educational  Institutions.  Our  near-term  Involvment  Is 
purely  and  simply  a stop-gap  but,  hopefully,  also  a stimulus.  Our  policy 
Is  one  of  getting  out  of  training  and  education  In  the  well-established  and 
proven  areas  of  the  technology— in  fact,  staying  out  initially  wherever 
local,  educational  Institutions  are  In  a position  to  meet  the  Immediate 
needs.  Where  institutions  are  Interested  In  acquiring  the  capability  to 
take  on  this  responsibility  within  the  state,  It  will  be  our  policy  to  work 
closely  with  them,  to  the  limit  of  budgetary  and  staff  resources,  and  with 
a view  to  realizing  some  permanently  beneficial  spin-off  to  local  educational 
capability  from  each  and  every  demonstration  project.  We  are  already  fol- 
lowing a policy  of  putting  on  short-course  training  In  close  collaboration 
with  local  educational  institutions— as  exemplified  In  our  training  course 
this  month  at  Montana  State  University.  The  local  staff  carried  all  of 
those  elements  of  training  in  which  they  felt  comfortable.  We  conducted  the 
rest  with  our  staff;  and  together  we  apparently  provided  a reasonably  suc- 
cessful short-course  training  program  to  kick  off  the  Montana  Demonstration 
Projects.  Everyone  grew  as  a result  of  the  experience.  This  exemplifies 
one  of  the  patterns  m would  hope  to  follow.  We  are  looking  to  your  parti- 
cipation in  this  Conference  to  give  us  s<xne  guidance  as  to  how  we  can  be 
even  more  effective  in  n»rking  toward  these  goals. 
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Me  s«t  ttM  contlfwlng  and  long-ttrn  role  of  NASA  In  the  education/ 
training  field  as  eventually  being  restricted  to  the  forefront  of  new 
tecNio1<^y.  Ifte  would  like  to  create  a situation  idiere*  In  this  Involve- 
■ent,  we  are  working  almost  exclusively  through  the  local  educational 
Institutions.  Our  goal  would  be  to  bring  and  keep  them  up-to-date  In  the 
exiMindlng  technolc^y  so  that  even  here  our  primary  challenge  Is  In  transfer- 
ring tte  techno1(^  and  capability  to  university  staff  and  ensuring  that 
they  have  the  facilities,  proportionate  to  state  demand  and  need,  to  pro- 
vide education  amt  training  at  the  operational  forefront  of  the  developing 
technology. 

To  meet  Imnwdlate  needs,  we  believe  the  best  Job  of  training  can  be 
done  when  short  courses  are  individualized  to  meet  the  specific  needs  of 
state  demonstration  projects;  but  vra  believe  these  can  still  be  designed 
sufficiently  In  the  context  of  basic  principles  to  have  real  educational 
value.  Design  of  training  to  match  the  demonstration  project  generally 
requires  only  sound  decisions  on  what  to  leave  out  In  the  Interest  of  avail- 
able time  and  training  needs.  Whenever  possible,  training  will  be  dom 
with  laboratory  exercises  taken  from  or  near  the  demonstration  project  area. 

We  are  devoting  substantial  tlnw  and  effort  to  the  development  of  speci- 
fic training  modules  which  can  be  used  repeatedly  for  relnforc^nt  of 
learning,  for  clarification,  and  In  a self-  or  progratmwd- learning  mode. 

Vte  have  already  begun  to  put  these  together  and  are  maintaining  a close 
liaison  and  working  relationship  with  the  Applications  Group  at  the  EROS 
Data  Center  on  such  matters.  The  modules  will  consist  primarily  of  care- 
fully prepared  visual  aids  for  lecture  support,  slide-tape  and  video  tape 
units,  carefully  prepared  lesson  plans,  laboratory  exercises  and  possibly 
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eoRifMtirlztd,  pfogrMmed  Ittmlng  unftt  for  cortaln  denonstratlon  and 
training  almants. 

To  antMfttt  tlw  quality  of  tralnli^  offartd  at  tha  ^#es  Rasnrch  Can^r, 
Ma  hava  daslgnatad  a local  1aboratory*danonstrat1on  araa  conslstl^  of  tm 
adjacant  iM®SM  scanas  axtandlrn)  from  tha  cMSt  aastward  to  tha  Slarra 
forastad  raglon.  Laboratory  axarcisas  and  daaionstratlons  dava1op«l  In  thit 
araa  will  Incli^a  both  visual  arKi  conputar  analysis  of  LAM)MT,  supporting 
highf light  and  eonvantlonal  pictography  and  evantually  cover  a broad  array  of 
miltidlscipllna  applications.  Initial  devalopnents  In  all  ^sa  areas  are  In 
rasfcnse  to  tha  raquirenants  of  specific  training  programs;  but  we  expect  to 
prepare  a reasonably  coi^late  set  of  support  materials  for  education-training 
and  that  they  will  be  exportable  to  otter  Institutions  for  their  use  or  as 
a pattern  for  preparation  of  local  material. 

For  training  on  the  computer  science  side  of  Imagery  analysis*  we  con- 
sider two  guidelines  Important.  First,  the  im>st  effective  training  that  we 
ate  the  educational  institutions  can  provide  Is  in  the  generic  context  of 
principles*  approaches*  understanding  of  work  flow,  critical  patlwcys  ate 
algorithms  rather  than  In  the  mechanics  of  specific  software/hardware  systems, 
te  have  tried  the  latter  ate  foute  It  Impossible  to  keep  up  with  modifica- 
tions in  some  systems.  In  addition,  it  Is  Impossible  to  predict  the  direc- 
tion users  will  go  as  they  select  or  modify  supporting  coaster  systmns. 

Thus*  the  training  goal  should  be  to  provide  a sufficiently  sound  background 
that  users  can  go  any  desired  direction  In  software  ate  system-specific 
operation.  I Imagine  we  are  In  agreement  with  n^ny  of  you  that  tetter 
operator-user  manuals  are  tequired  for  specific  systems  ate  that  It  Is  1iq>er- 
atlve  to  keep  ttese  reasonably  up-to-date.  We  have  come  to  the  ctecluslon 
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thati  to  tiM  oxtont  those  manuals  are  essential,  th^  must  be  the  resfKmsI- 
blllty  of  tbi  propof^nts  of  the  softMare/hardNare  systm  and  that  syst^- 
speclflc  training  Is  best  given  In  small  grcxips  on  an  operational  Mrkshop 
basis  after  tiM  training  In  principles  ami  theory. 

Secondly,  trainees  In  colter  analysis  fall  Into  txio  Important  groups, 
each  with  Its  <n<n  unique  requirements  for  training,  understanding  and  skill 
development.  These  are:  (1)  The  coepjter  scientists  and  technicians  who 
punch  the  buttons  and  nuike  the  system  work,  and  (2)  the  users  of  Informa- 
tion with  their  support  staff  who  make  a different  kind  of  Input  to  the 
operation  of  the  analytical  system.  The  Interest  of  this  latter  group  Is 
primarily  or  exclusively  In  the  Information  output,  what  It  can  do  to  make 
their  Jobs  easier,  and  how  they  can  use  the  Information  better  to  achieve 
tf^lr  goals  in  management.  The  elements  covered,  depth  of  treatment  and 
training  emphasis  are  unique  to  each  of  these  groups.  Both  planning  and 
presentation  must  be  responsive  to  tteir  separate  needs  and  roles  In  data 
analysis.  While  these  differences  might  be  Ignored  In  the  captive  audience 
of  the  academic  classroom  and  curriculum,  they  must  be  recognized  when 
working  with  user  groups  already  on  the  Job. 

Finally,  one  last  guideline— In  some  quarters,  re)tK>te  sensing  seems 
to  mean  different  things  to  different  people.  We  feel  that  training  should 
present  remote  sensing  as  an  Integrated  system  of  elmnents  appropriate  to 
the  requirewnts  of  the  data  to  be  obtained.  We  should  avoid  presenting 
mul t1 spectral , digital  satellite  data  systems  as  a stand-alone  element  for 
two  reasons:  (1)  We  need  always  to  take  the  trainee  from  where  he  Is  to 
idiere  M wants  to  be.  This  transiticm  Is  easiest  If  made  from  photo  Inter- 
pretatitm  to  digital  analysis  of  multlspectral/sMltldate  data;  and  (2)  tlw 
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strofHiiSt  aiost  efflcltnt  information  system  Is  often  a c(Xri>1nat1on  of 
viihial  Interpretation,  colter  analysis,  aircraft  photography,  \(m  eleva- 
tlMi  aerial  observation  and  ground  measur«ient.  Thus,  training  should 
usually  provide  background  and  appropriate  skills  In  both  the  visual  and 
co^Hiter  approach  and  In  the  options  for  matching  from  among  all  the  above 
sj^tM  eluents  v^en  solving  Information  problems  through  ranote  sensing. 

Finally,  I have  one  last  challenge  to  lay  before  you—on  which  to  ask 
^r  contORplatlon  during  the  Conference  and  your  advice.  Does  attainnent 
of  essential  goals  In  renete  sensing  education  and  training  require  some 
re-orientation,  expansion  of  change  of  anphasis  In  the  NASA  University 
Affairs  Program  as  It  has  functioned  to  date?  Should  the  University  Affairs 
Program  Include  a stronger  element  related  very  specifically  to  Instruction? 
What  should  be  the  role  of  the  universities  in  new  research  and  development? 
Was  this  prematurely  cut  off  or  too  severely  restricted  with  the  conclusion 
of  the  Skylab  Program?  Should  the  present  applications  emphasis  of  the 
University  Affairs  Program  be  continued  as  one  of  its  elements?  As  I per- 
sonally view  the  problem,  NASA's  University  Affairs  Program  could  consist 
of  three  very  Important  elements;  and  I would  put  these  In  the  following 
priority  order: 

(1)  Stimulation,  development  and  offering  of  new  courses 
and/or  curricula,  short  courses  and  technology  transfer  through 
regular  acadanic  programs,  cooperative  extension  and  continuing 
education; 

(2)  Research  and  development  on  new  or  persistent  tech- 
nological problems  that  have  arisen  directly  from  attempted 
application  and  demonstration  projects— that  Is,  R&D  focused 
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on  expamilng  the  capacity  and  refining  the  capability  bene- 
ficially to  use  the  existing  satellite  hardware  and  data  systems i 
(3)  University-lead  demonstration  projects  designed  to 
pilot  tests,  new  applications  of  existing  technology  and  espe- 
cially of  refinements  developed  through  the  R&D  in  topic  2 above. 

This  in  total  might  be  a larger  program  than  the  Congress,  state  legis- 
latures and  the  American  people  would  be  willing  to  support  at  each  and 
every  Interested  university  or  college.  Assuming  this  to  be  the  case,  how 
would  you  scope  the  program  and  where  do  you  set  the  priorities? 

As  we  bring  new  colleges  and  universities  Into  the  program,  one  of  the 
greatest  risks,  and  the  challenge  that  I see.  Is  to  prevent  the  tendency 
to  re-invent  old  wheels  because  of  lack  of  information.  This  suggests  then, 
that  one  of  our  very  Important,  near-term  programs  should  be  expanded  train- 
ing for  academicians  who  may  become  Involved  as  instructors,  as  new  R&O 
scientists  or  as  new  demonstration  project  leaders.  What  form  should  this 
kind  of  training  program  take?  Who  should  design  it?  Where  should  it  be 
conducted?  What  should  the  prerequisites  for  participation  be  and  how  much 
depth  of  training  is  necessary  to  ensure  success?  What  is  the  faculty 
demand  for  this  kind  of  training?  These  are  some  questions  that  we  look  to 
you  to  help  us  solve. 

Scattered  throughout  the  Western  Region  there  are  a number  of  educa- 
tional institutions  in  an  ideal  position  to  help  implement  this  kind  of 
educational  program  for  the  academicians.  Many  of  you  can  name  them  as 
well  as  I.  Just  to  mention  a few,  the  University  of  California  at  Berkeley, 
Santa  Barbara  and  Riverside;  University  of  Arizona;  Colorado  State  University; 
South  Dakota  State;  and  Oregon  State  University.  At  the  risk  of  stopping 
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here  and  reaping  condemnation  on  myself,  we  like  to  know  If  ynlver- 
sltltes  such  as  these  are  In  a position  now  to  pick  up  and  carry  the  load 
of  further  Instruction  for  their  academic  colleagues  with  the  goal  of 
really  bringing  then  to  the  forefront  of  technology?  Can  this  fcb  done 
with  present  resources,  facilities,  and  staff?  If  not,  what  are  your  needs 
and  what  Is  the  best  my  to  put  a few  of  these  already  established  lead 
universities  In  a position  to  help  us  quickly  make  the  transition,  catch  up 
and  move  on  over  greater  horizons  of  opportunity  In  remote  sensing 
applications? 

As  a mechanism  for  more  effectively  Interacting  with  the  educational 
community,  m hope  to  see  the  acceptance  and  organization  o'*  a University 
Remote  Sensing  Science  Council.  A small  committee  headed  by  Dr.  Jack  Estes 
has  been  working  on  this  Idea  for  sane  months.  They  are  holding  a series 
of  evening  meetings  during  this  Conference  to  further  the  work.  Many  of 
you  have  or  will  be  contacted  by  this  group  and  we  encourage  your  participa- 
tion so  that  such  a Council,  If  formally  organized,  will  be  truly  represen- 
tative of  the  educational  Institutions  throughout  the  Western  Region. 

In  summary,  new  ranote  sensing  technology  has  a substantial,  generally 
unrealized  potential  to  help  state  and  local  goverrvnents  do  a better  job 
In  many  areas  of  land  use  and  natural  resources  development  and  management. 
Progress  In  expanding  this  use  in  appropriate  areas  Is  slower  than  many  of  us 
would  like  because  we  sincerely  feel  it  has  the  potential  of  increasing  the 
efficiency  and  effectiveness  of  local  goverrment  In  these  areas.  One  of 
the  major  reasons  seems  to  be  In  the  lack  of  Information  and  education  and 
of  highly  successful,  well -publicized  and  effectively-used  demonstration 
projects.  We  do  not  have  a critical  mass  of  manpower  and  resources  going 
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Into  awareness*  education  and  training  In  this  area.  How  can  we  bust  the 
log  jam  loose  and  get  moving?  We  need  your  thoughts.  Ideas  and  recom- 
mendations; we  need  the  Involvement  of  more  of  you  and  more  Involvement 
by  those  of  you  who  are  already  In  the  act.  What  does  It  take  to  get  fr(»n 
here  to  there?  With  the  hope  of  finding  answers  t this  and  many  of  the 
other  questions  I have  posed  in  the  past  few  minutes,  we  are  looking  for- 
ward with  great  anticipation  to  CORSE-78  as  a mechanism  for  answering  sane 
of  these  questions  and  finding  solutions  to  the  challenges  we  face  In 
remote  sensing  education  and  training.  We  want  and  need  your  helpi 
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INTRODUCTION 


Most  federal  and  state  agencies,  some  levels  of  local  government  and 
certein  parts  of  Industry  would  agree  that  remote  sensing  will  be  an  accepted 
source  of  environmental  and  resource  Information  In  the  future.  In  many 
Instances  It  Is  being  adopted  as  a routine  source  of  Information  today.  It 
Is  widely  recognized,  therefore,  that  the  universities  and  colleges  across 
(Mir  nation  imist  Increase  the  nunber  and  quality  of  remote  sensing  courses 
at  both  tlw  undergraduate  and  the  graduate  levels.  This  paper  explores  some 
of  the  probl^s  and  opportunities  associated  with  the  development  of  remote 
sensing  education  In  the  universities. 

At  the  heart  of  most  of  the  problems  Is  the  multidisciplinary  nature  of 
rmnote  sensing.  Because  of  the  many  disciplines  Involved  In  the  design,  opera- 
tion and  use  of  renwte  sensing  systems,  the  academic  ccmmunlty  Is  having  a 
hanl  t1fl»  defining  or  even  accepting  a ronote  sensing  progi^am.  This  paper 
addresses  this  and  other  problems  and  then  makes  scrnie  specific  suggestions 
relative  to  sources  of  funding,  teaching  materials,  etc. 

A BIT  OF  PHILOSOPHY 

There  Is  currently  a debate  about  the  need  for  degree  programs  In  remote 
sensing.  The  Issue  actually  goes  deeper  and  questions  the  legitimacy  of  such 
a degree.  Remote  sensing  Is  said  to  be  only  a means  to  an  end  (actually  a 
variety  of  ends)  and  Is.  therefore,  only  a tool.  The  Implication  Is  that  we 
are  training  technicians  or,  at  best,  that  we  are  training  professionals  to 
use  d new  tool. 

Certainly  the  phetointerpreter  Is  primarily  a technician,  and  when  we 
train  the  professional  to  follow  cookbook  procedures  to  extract  Information 
from  an  Image,  m have  not  taught  him  the  science  of  remote  sensing.  Probably 
most  of  the  courses  In  the  universities  today  do  Just  that.  In  part  because 

they  are  taught  by  professionals  who  know  remote  sensing  only  as  a tool,  and 
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In  part  because  there  have  not  teen  textbooks  available  to  teach  the  science 
of  reaiote  sensing.  Books  are  In  preparation  at  the  present  tlm  which  will 
solve  the  latter  problen*  but  ^e  nK>d1f1cat1on  of  our  attitudes  about  remote 
sensing  will  be  mora  difficult. 

The  multidisciplinary  nature  of  remote  sensing  1$  given  as  another  reason 
that  degr^  progrms  may  not  be  legitimate.  For  an  undergraduate  program* 
this  Is  a reasonable  argianent.  It  would  be  very  hard  to  design  a four-year 
curriculimi  to  teach  all  of  the  subjects  encompassed  by  this  field.  For  a 
graduate  program,  particularly  a Ph.O.  program,  we  should  reconsider. 

What  is  a Ph.  D.? 

The  Doctor  of  Philosophy  degree  Is  so  named  because  the  early  scientists 
(Aristotle*  Pliny,  Leonardo  de  Vinci,  Copernicus,  Kepler,  Galileo  and  many 
others)  were  as  much  philosophers  as  they  were  scientists.  They  were  as  much 
Into  metaphysics  as  physics.  These  early  scientists  were  not  narrow  specialists; 
even  In  the  nineteenth  century  and  early  twentieth  century,  scientists  worked 
In  many  fields.  James  Clerk  Maxwell  was  Involved  with  electromagnetics,  heat, 
photography,  dynamics  of  gases,  and  many  other  things.  Similarly,  the  studies 
of  Faraday,  LaPlace,  Planck,  and  many  others  were  broad  In  extent.  Neither 
did  these  men  forget  the  Importance  of  seeking  an  answer  to  the  “why"  of  things. 
They  were  still  part  philosopher?,  and  they  were  scientists  working  In  several 
disciplines. 

The  Remote  Sensing  Specialization 

It  Is  true  that  remote  sensing  finds  Its  justification  In  applications 

to  many  other  disciplines.  This  Is  not,  however,  particularly  different  from 

the  field  of  engineering.  Engineers  apply  their  science  or  technology  to 

the  design  of  equipment,  facilities  and  structures  for  the  use  of  others.  For 

the  most  part,  civil  engineers  do  not  design  bridges  for  use  only  by  civil 

engineers  nor  do  electrical  engineers  design  generators  and  nwtors  which  serve  only 
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^ flald  of  oloctrical  «fig1naaHng. 

TIm  Mljf  dlfforanco  teUwan  tha  anginaar  and  tha  ramota  sansor  Is  tha 
iMttafa  of  aiKt  ttw  ^taand  ftr  tfwir  products.  Tha  anginaar  producas  eoulc^nt 
and  facHitlas  for  which  thara  Is  a graat  dnund.  Faw  paopla  quastlon  tha  need 
for  this  product,  and  thay  fully  racogniza  thay  cannot  provida  It  without  his 
assistanca. 

On  tha  othar  twnd,  tha  rmotM  sanslr^  axpart  provides  Inforwatlon,  idilch 
i»st  of  his  customers  think  they  may  be  able  to  supply  better  In  some  othar 
way.  Hence,  the  demand  for  tha  rmote  sensing  product  has  been  slow  In 
developing  and  In  many  Instances  his  potential  tfsers  f1*:d  remote  sensing  to 
be  a threat  to  their  ego.  It  Is  interesting  to  mall  that  Thomas  Edison 
considered  engineers  to  be  only  a necessary  evil.  He  resented  the  fact  that 
he  needed  them  to  turn  his  Ideas  Into  practical  devices.  Perhaps  In  tlnm 
tha  Information  specialist  will  be  accepted  as  completely  as  Is  the  engineer 
today.  In  the  meantime,  the  education  of  remote  sensing  specialists  will 
remain  a questionable,  almost  clandestine  operation. 

The  Complete  Remote  Sensing  Scientist 

The  complete  rmote  sensing  scientist  should  know  a great  deal  about: 

Electromagnetic  Field  Theory 
Optics 

Quantian  Physics 

Biological  Processes 

Atmospheric  Radiative  Transfer 

Geomorphology 

Plant-Soil  Relationships 

Computer  Science 

Information  Theory 

Photography 

Photogrammetry 

The  Information  Needs  of  His  Users 

Obviously  the  remote  sensing  specialist  Is  not  being  trained  by  any  other  dis- 
cipline. If  we  could  train  this  remote  sensing  specialist,  he  would  have  a 
broad  knowledge  of  science,  would  be  a specialist  In  the  Information  collection 
field  and  timuld  understand  the  needs  (and  philosophies?)  of  his  customers. 

IkM  better  could  we  define  a modem  Doctor  of  Philosophy? 
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DEVELOPING  RENOTE  SENSING  EDUCMTON 

Evtn  tf  Mt  should  sgret  that  thort  Is  .1  need  for  a Ph.D.  pnigram  for 
r^te  sensing,  m will  still  be  faced  with  two  major  problems:  1)  Ue  ara  not 
sure  how  to  train  him  and  2)  the  need  for  a specialist  Is  still  very  small. 

It  Is  apparent,  therefore,  that  most  remote  sensing  education  programs  will 
remain  application  oriented  and  only  a few  are  likely  to  move  toward  remote 
sensing  as  a separate  specialization.  Nevertheless,  we  will  discuss  both  the 
discipline  and  the  specialization  options  for  remote  sensing  education,  and 
we  will  leave  It  to  the  faculty  of  each  department  and  college  Involved  to 
determine  which  type  of  program  best  fits  their  needs  and  capabilities. 

The  Discipline  Orientation 

If  a university  chooses  to  develop  remote  sensing  education  around 
existing  disciplines,  this  can  be  undertaken  by  introducing  remote  sensing 
Into  the  appropriate  discipline  oriented  courses  or  by  developing  special 
courses  «di1ch  emphasize  remte  sensing  applications  to  a specific  discipline. 
For  Instance,  courses  In  Geology.  Archeology,  Forestry,  Hydrology,  et  al 
often  contain  a few  lectures  In  the  use  of  aerial  photography.  This  material 
could  be  expanded  to  Include  satellite,  radar,  and  thermal  infra-red  Imagery, 
but  It  Is  doubtful  that  most  courses  can  accommodate  many  lecture  hours  that 
are  peripheral  to  the  primary  course  objectives.  For  this  reason,  we  cannot 
encourage  a program  which  Is  limited  to  this  approach.  If  this  approach 
Is  combined  with  even  one  basic  Introductory  course  In  remote  sensing, 
then  It  might  prove  to  be  quite  effective.  That  Is,  It  will  be  evfective  ff 
the  basic  remote  sensing  course  Is  a prerequisite  to  the  other  courses. 

If  the  students  entering  a discipline  oriented  course  have  had  the  basic 
remote  sensing  course,  then  the  Instructors  may  concentrate  on  the  specific 
applications  of  remote  sensing  to  that  discipline,  without  having  to  spend  any 
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tim  on  the  tasles  of  eerlal  photography*  stereoscopic  vleMlng,  photo- 
graneetrlc  neasurments,  etc.  This  should  make  It  possible  to  discuss  any 
of  tlw  pertirmnt  f^mote  sensing  systems  Mhich  might  te  applied  to  a particu- 
lar probiM. 

Finding  a r«note  sensing  socialist  to  teach  a general  remote  sensing 
course  Mill  be  the  prlmai^  difficulty  encountered  In  Implementing  a progrwa 
such  as  Me  have  Just  described.  It  Is  unlikely  that  existing  faculty,  even 
though  they  may  have  used  aerial  photography  or  satellite  Images  for  their 
discipline.  Mill  be  prepared  to  teach  a general  course  In  remote 
sensing.  This  problem  can  be  solved,  hOMever,  If  a member  of  the  faculty  1$ 
Milling  to  take  special  training.  Establishing  special  training  programs  to 
accomm)date  this  need  should  be  undertaken  In  the  near  future,  Mith  the 
assistance  of  the  regional  NASA  centers. 

The  program  Just  described  Is  not  Ideal  because  It  Is  still  very  likely 
that  the  basic  remote  sensing  course  Mill  have  a strong  emphasis  tmfard 
the  discipline  from  Mhich  the  Instructor  has  come.  This  may  make  the 
course  not  acceptable  to  other  departments.  Mho  might  otherMise  want  to 
Introduce  remote  sensing  Into  their  course  offerings.  A more  Ideal  solution 
would  be  attained  If  a remote  sensing  specialist  were  hired  by  one  of  the 
departments,  with  the  understanding  that  several  remote  sensing  courses  would 
be  offered. 

One  should  note  that  the  hiring  of  a remote  sensing  specialist 
does  not  create  a program  for  training  remote  sensing  specialists.  This  Is 
still  a discipline  oriented  program,  tnit  the  primary  Instnjctlon  1$ 
being  undertaken  by  specialists  In  the  field  of  remote  sensing.  It  Is  very 
likely  that  the  courses  developed  under  a program  of  this  type  will  be  team 
taught,  with  the  remote  sensing  theory  being  taught  by  the  special- 
ist and  the  applications  Inforamtion  being  taught,  at  least  In  part,  by  faculty 
from  other  departoents. 
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This  type  of  progrM  ties  the  edvantage  that  the  equipment  and  other 
resources  required  for  a really  high  quality  educational  pr^ram  can  te 
mate  available  to  several  tepartments  and  a»11eges.  Of  course,  this  requires 
some  sharing  of  ^ulpment  money  and  facilities.  If  It  Is  to  be  equitable  for 
all  of  tNi  departments  and  colleges  Involved. 

The  final  problem  to  be  carefully  considered  Is  the  selection  of  the 
department  within  which  this  progrM  will  be  housed.  Mith  the  shortage  of 
resident  Instn^tlon  fuiwis  that  exists  at  most  universities,  there  miy  be 
some  tesitancy  to  commit  funds  to  a program  not  totally  oriented  towards 
the  major  teparMmit  discipllra.  Iteally,  the  resitent  Instruction  support 
should  come  from  all  of  the  departments  and  colleges  Involved  and  then  the 
selection  of  a departMnt  to  teuse  the  progr^  will  be  based  only  on 
convenience  or  Interest. 

Tte  Remote  Sensing  Soeclillzatlon 

Remrte  sensing  S[wc1al1sts  could  be  placed  Into  two  basic  categories, 
systems  engltuers  and  applications  specialists.  Tte  systwrs  engineer  or 
optical  physicist  Is  needed  to  design  the  hardware  which  will  be  flown  In 
an  aircraft  or  a statelllte.  This  type  of  sfwclallst  Is  being  trained  by 
mmerous  engineering  and  physic  tepartments  across  the  country.  He  may 
not  be  trained  specifically  to  design  remote  sensing  systmns,  but  nrast 
opt^wil  physicists  and/or  electronic  systems  engineers  can  learn  the 
remc^.r'  seming  r.|Mtc1all2at1o.^  without  a great  teal  of  difficulty.  (Htr 
concern  H not  the  trilnlng  of  these  specialists,  tet  rather,  m are 
concerned  with  tte  training  of  the  rmote  sensing  applications  specialist. 

Specifically,  we  need  to  train  r^te  sensing  specialists  «dio  can 
ccmiminicate  effectively  with  both  the  engineers  and  physicists  who  design 
the  systems  and  the  geologists,  biologists,  hydrologists,  enton»log1sts,  et  al.. 
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will  bt  ufli^  rtiROtt  tttttitig  daU  at  a basic  sourca  of  Information.  TIm 
«tyaat1im  my  bt  astod*  "Can  any  ont  ptrsm  bt  trained  to  coimonlcatt  irttb 
ill  of  tl»  dlsclpllnt  special Ists?"  TN  answer  to  tols  question  must  be«  "No." 
Miny  remote  sensing  specialists  can  discuss  app11cat1<»)s  of  rwiote  sensing 
at  sti  Intro^tof^  level  with  most.  If  not  all,  of  the  disciplines.  Really 
^tall^  dlscuss'Mis,  however,  (which  will  be  required  for  many  app11cat1(wis) 
are  beymwi  the  ca|»b111ty  of  any  one  persm. 

Therefore,  a deiwirtment  undertaking  the  development  of  a program  to 
train  graduate  level  remote  sensing  specialists  should  be  prepared  to  accept 
stu<tents  from  many  disciplines.  The  progrim  at  Colorado  State  University 
has  sto<tents  from  background  as  diverse  as  geology,  fisheries  and  wildlife, 
forestry,  geography,  civil  englMcrlng,  co^uter  sclm^ce,  et  al.  A depart- 
ment which  Is  used  to  havlr^  all  of  Its  stunts  well  trained  In  Its  basic 
discipline  may  have  difficulty  In  relaxing  requirements  such  that  students 
from  a wide  range  of  disciplines  may  be  accepted.  Certainly,  there  must 
be  soiM  requirements  In  the  areas  of  physics,  chmnistry,  mathematics  and 
statistics,  and  computer  science.  Discipline  requirements,  however,  must 
te  minimal. 

In  a progrM  of  this  type  It  Is  likely  that  most  master  of  science 
students  will  to  training  to  specialize  In  the  application  of  renwte  sensing 
to  their  particular  discipline.  Ph.O.  candidates,  on  the  other  hand,  may  to 
training  to  carry  out  research  In  a renwte  sensing  laboratory  or  to  teach 
and  utoertake  research  In  academia. 

Tto  topartment  or  college  which  provides  a home  for  this  kind  of  remote 
sensing  special Izatliwt  progrw  must  to  willing  to  tovote  facilities  and 
several  faculty  positions  to  this  field.  The  department  should,  of  course, 
to  one  vdilch  will  make  extensive  use  of  remote  sensing  In  <ts  other  disciplines. 
It  must  to  genulfwiy  Interested  In  mltldlsclpllnary  education  and  research. 
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ftinct  Most  (ItpirtiMntt  will  not  htvt  unllRltMl  support  for  tholr  romoto 
Mfiilng  progr«M,  • dtcitlon  mutt  bt  mmSo  rolatlvt  to  tho  oi^tliatls  which  tho 
progran  will  havt.  Faculty  awmbtrs  could  bo  hi rod  to  provid#  anphasla  to 
any  of  tho  following  fivo  araai;  1)  conputar  analysis.  2)  photolntarprotatlon, 
3)  phuugraMMtry.  4}  irtiytlcal  prlnclplot.  5)  anginotriny  and  dtsign.  It  Is 
postibla  that  all  fivo  of  thaso  capabllltlat  could  ba  «>yarad  by  two  or  thraa 
paopla.  Finding  such  paopla.  howarar*  will  not  ba  particularly  aasy.  HanM* 

If  the  prograa  Is  to  bt  undartakan  with  only  two  faculty  niMbars,  It  Is  llktly 
that  m oBfdMsIs  will  have  to  ba  placad  m two  or  thraa  of  tha  above  araas. 

In  tha  <H>1n1on  of  this  author,  any  adMstlonal  prograa  which  wants  to 
aate  clala  to  tha  tralnlim  of  raaota  sanslng  spaclallsts  aust  Incluite  axpartlsa 
In  tha  fdiyslcal  principles  up<m  which  raaota  sansli^  Is  basad.  Thasa  physical 
principles  dictate  tlw  Halts  of  mglraarlng  ai^  design,  coaputer  «Mlys1s. 
plw^rMaetry.  and  photolntarpretetlon.  This  capability,  tterafora.  mist 
ba  obtained  In  tha  Initial  hiring  of  faculty.  TNi  otMr  capabilities  to  be 
aapiMsIzad  will  uiwkNibtadly  be  dateralnad  on  tha  basis  of  t)w  priaary 
amillcatlons  of  Interest  to  tha  dapartaant  undertaking  this  prograa  and  tiM 
facilities  at  hand. 
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FUNDING  THE  NEW  START 


tece  a decision  has  been  iMie  by  a department  to  develop  or  significantly 
expand  the  baaching  of  rmo^  sehslng  the  faculty  Mill  then  be  faced  Mith 
^ p»lfii«i  if  provide  funding.  In  these  days  of  very  restricted 
university  budgets  and  strong  a»H)et1t1on  for  research  dollars,  this  Is  not 

£ ' 

an  easy  thlnd  to  do.  Some  possible  solutions  to  tnis  dilemma  will  be  considered 
In  three  parts:  1)  the  funding  of  new  faculty  and  staff,  2)  the  purchasing  of 
equIpRmnt  and  3)  the  acquisition  of  teaching  materials. 

Faculty  and  Staff 

Tte  National  Science  Foundation  and  the  HEW  Office  of  Education  both  have 
grant  programs  idilch  may  te  tapf^d  to  obtain  funding  for  a new  program. 

One  must  examine  the  current  description  of  these  grants  very  carefully  to 
determine  tte  criteria  for  funding,  such  that  a program  may  be  designed  to 
be  consistent  with  their  goals.  The  Office  of  Education  grants  are 
mostly  oriented  toward  undergraduate  programs;  whereas,  the  NSF  grants  Include 
monies  for  both  undergraduate  and  graduate  education.  The  remote  sensing 
program  at  Colorado  State  University  was  aided  significantly  by  an  NSF  educa- 
tion grant. 

If  funding  from  an  education  grant  Is  to  be  used  for  a new  start  or 
expansion  of  an  existing  program,  the  departments  and  faculty  Involved 
should  carefully  evaluate  the  kind  of  program  they  are  developing  and 
make  sure  that  It  meets  their  long  range  goals.  It  Is  always  tempting  to 
modify  one's  goals  to  agree  with  the  criteria  for  a grant,  simply  to  obtain  the 
needed  support  monies.  Eventually,  however,  the  grant  monies  will  disappear 
and  the  programs  must  become  self  supporting.  Careful  consideration  must  be 
given  to  the  long  range  source  of  funds  (resident  Instruction  and  research), 
which  should  be  consistent  with  the  long  range  department  and  faculty  goals, 

If  a healthy  and  stable  program  Is  to  be  achieved. 
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Thirt  ire  n«i»roi«  opportynitfes  irtiereby  NASA  aiKi  other  federal  agencies. 
Interested  in  rerote  sensing,  could  help  a struggling  new  program  by  requiring 
more  direct  involvement  of  the  universities  in  denonstration  projects.  Most, 
though  not  all,  demonstration  projects  with  state  agencies  use  NASA  personnel 
and  NASA  facilities  for  the  processing  of  romote  sensing  data.  Although 
some  diroct  NASA  or  other  federal  agency  involvement  is  probably  necessary 
for  many  projects , the  opportunities  to  involve  the  universities  are  for  the 
most  part  overlooked.  This  could  be  a very  effective  way  to  help  fund  an 
expanding  education  program,  while  carrying  out  demonstration  projects  to 
interest  state  agencies  in  reirote  sensing.  Furthermore,  secondary  benefits 
would  alrost  certainly  accrue  from  building  closer  ties  between  the  state 
agency  and  university  personnel. 

Equiixnent  and  Facilities 

Probably  the  best  sources  for  monies  to  obtain  educational  equipment 
are  the  National  Science  Foundation  equipient  grants.  These  grants  require 
matching  funds  from  the  state,  so  some  state  support  must  be  available  before 
this  source  can  be  tapped.  Grants  are  typically  in  the  $10,000  to  $30,000  range, 
so  when  matching  state  funds  are  added  you  can  obtain  a great  deal  of  equipment. 

Specialized  equiptront  can  also  be  obtained  In  conjunction  with  research 
projects.  This  equipment,  however,  may  not  be  the  most  desirable  for  educa- 
tional purposes.  Nevertheless,  it  Is  important  to  have  good  research  equip- 
ment on  hand  to  support  graduate  students  and  their  thesis  research  programs. 

In  some  instances  It  may  be  possible  to  obtain  equipment  on  loan  fron  federal 
agencies  to  support  specific  research  projects,  but  of  course,  these 
equi|»»nts  ultimately  must  be  returned  to  the  funding  agencies.  This  can 
be  very  helpful,  however,  for  getting  a new  graduate  research  program  started. 
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TeacMfW  Miterfals 

A fMw  pPogrtM  probably  find  It  particularly  difficult  to  obtain 
tlldbs  for  Iscturtf  and  loutpas  for  use  In  laboratory  exercises.  After 
se^ral  years  experience  In  this  field,  the  faculty  neirtier  idll  begin  to 
build  up  his  own  sets  of  slides  and  Images.  8ut  in  the  meantime  he  needs 

packaged  sets  of  materials  to  get  started. 

For  lecture  (Hirposes,  the  Technolo^  Application  Center  at  N«i  Mexico 
University  has  developed  several  slide- tape  cassette  programs  dealing 
with  remote  sensing.  These  Include  a basic  set  governing  lerote  sensing 
principles  and  several  application  tape-slide  series.  Specifically  the 
series  vdilch  are  available  now  arei  R 100  R^te  Sensing.  R 200  Food  Watch 
by  Satellite,  R 300  Prospecting  by  Satellite,  R 400  Hydrology  by  Satellite, 
and  R SM  Forestry  and  Remote  Swslng.  These  can  be  obtained  from  the 
Audio-Visual  Institute,  6839  Ouadalupe  Trail  Mi,  Albuquerque,  New  Mexico, 

87107. 

Purdue  University  also  has  a comprehensive  set  of  slides  and  audio 
cassettes  covering  the  principles  and  applications  of  ranote  sensing. 

There  are  other  organizations  as  well  which  have  slides  and  cassette  programs 
available,  so  lecture  materials  should  be  readily  available  to  anyone  needing 
them. 

The  availability  of  information  for  use  In  laboratories  Is  more  restricted. 
The  U.  S.  Forest  Service  has  recently  reprinted  their  basic  photo  Interpreta- 
tion kit  which  concentrates,  of  course,  on  forestry  applications.  These  kits 
Include  problem  sheets,  aerial  photo  protractors,  crown  diameter  scales, 
a photo  alignment  guide,  a parallax  wedge,  a slope  percent  scale,  and  several 
dot  grids  for  measuring  areas.  Several  black  and  white  photographs  are 
Included  for  carrying  out  exercises  for  each  of  the  thirteen  problans  Included. 
A training  handbook  Is  Included  which  describes  the  basic  techniques  In  forest 
photo  Interpretation.  These  are  good  basic  materials,  but  they  will  have 
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to  be  supplenented  with  son«  color  and  color  Infrared  photography  and 
satellite  imagery,  since  none  of  these  remote  sensing  products  are  Included. 
These  basic  photo  Interpretation  kits  may  be  obtained  from: 

U.S.  Forest  Service 
Cartographic  Information  Office 
Engineering 
324  25th  Street 
Federal  Building 
Ogden,  Utah  84401 

In  1975,  NASA  published  a document.  Photointerpretation  Guide  for 
Forest  Resource  Inventories.  JSC-0997.  This  guide  Includes  color  and 
color  Infrared  photography  so  It  is  more  up-to-date  than  the  kit  obtained 
frtmi  the  Forest  Service. 

The  U.  S.  Geological  Survey,  EROS  Dato  Center  at  Sioux  Falls,  Soutn 
Dakota  has  prepared  laboratory  exercises  using  aircraft  and  satellite 
Imagery  which  cover  a variety  of  applications  and  could  be  very  easily 
Incorpoated  Into  a laboratory  course.  The  exercises  include  hydrology, 
geology,  land  use  and  forestry  applications,  et  a1,  so  they  provide  a 
broader  scope  of  exercises  than  do  the  previous  materials  describeo  above. 

If  interested,  an  Inquiry  relative  to  availability  and  cost  should  be  sent 
to  the  EROS  Data  Center. 

The  Colorado  School  of  Mines  of  Golden,  Colorado  offers  a Geology/ 

Remote  Sensing  laboratory  manual  with  images.  This  manual  and  the  images 
concentrate  exclusively  on  geological  applications. 

The  Aerial  Discovery  Manual,  published  by  John  Wiley  and  Sons,  can  be  used 
quite  effectively  In  beginning  laboratory  courses.  This  manual  consists 
of  a basic  section  on  aerial  photographic  interpretation,  plus  sections  on 
photogeology  and  photohydrology.  This  manual  could  be  particularly  helpful 
for  a new  program  since  printed  images  and  maps  are  included  in  the  manual  for 
use  In  laboratory  exercises. 
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It  should  be  ^phaslzed  that  none  of  the  materials  described  in  this 
section  are  being  reccKnmended  over  any  other  sources  which  may  be  available. 
These  are  the  materials  of  which  this  author  is  aware  and  they  are  mentioned 
here  only  as  a service  to  those  who  may  not  have  such  Information. 

Anyone  who  has  taught  remote  sensing  kncMS  there  is  a basic  flaw  In 
the  use  of  any  of  these  packaged  sets  of  slides  and  Images.  The  flaw  Is 
the  lack  of  indepth  familiarity  with  the  image  and  the  scene  it  covers. 
Inevitably  students  are  going  to  ask  questions  which  the  instructor  cannot 
answer.  As  soon  as  possible,  therefore,  the  instructor  should  develop 
teaching  materials  frwn  his  own  research. 

Slides  can  be  obtained  from  research  projects  at  little  cost.  Hence, 
lecture  materials  should  not  present  any  problem.  Obtaining  multiple  copies 
of  Images  for  laboratory  use,  however,  can  involve  a large  expense.  This 
presents  an  opportunity  whereby  NASA  and/or  U.S.G.S.  could  assist  faculty 
in  developing  teaching  materials  from  research  products.  The  benefits 
would  be  many,  including  more  up-to-date  courses  and  more  student  awareness 
of  the  role  of  research  in  education. 
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IN80-20012 

The  Use  of  Multinedia  and  Progrwm^d  Teaching  Machines 
for  Remote  Sensing  Education 

Joseph  J.  Ulliman 
University  of  Idaho 

WHA?  .ARE  U'E  TALKING  ABOUT? 

An  instructional  technologist  whimsically  suggested  an  alternative 
« tne  of  presentation.  ..Renote  Senains  Inteta^ve  HecH„i™ 

for  Pedagogical  Enhancement  in  the  Managmnent  of  the  Cognitive  Danain."—' 

That  may  or  may  not  make  more  sense  to  you  than  the  given  title,  depending 
on  your  knowledge  of  the  terms  used.  To  get  us  all  on  the  same  wavelength, 

I think  it  best  to  define  some  terms,  even  though  the  experts  in  instructional 
technology  do  not  always  agree  on  the  definitions  of  terms. 

Terminology 

*' Instructional  technology"  is  the  broad  term  used  to  encompass 
multimedia  and  teaching  machines,  just  as  "remote  sensing  technology" 
is  used  to  encompass  multiband  and  multispectral  scanners.  Instructional 
technology  has  been  referred  to  as  a new  applied  behavioral  science 
approach,  using  scientific  methods  developed  in  many  of  the  social  and 
behavioral  sciences,  to  solve  the  problems  of  teaching  and  learning 
(ref.  1).  The  technology  includes  equipment  and  media  resources- -the 
hardware  and  software- -and  the  process  of  systematic  instructional 
planning,  often  referred  to  as  pedagogy.  In  defense  of  the  jargon  used 
(we  likewise  use  much  jargon  in  remote  sensing) : many  people  do 
belittle  the  jargon  in  a new  field  of  endeavor,  and  it  probatiy  does 
sound  cliquish  to  most  of  us  at  times;  but  if  we  consider  that  the 
American  English  language  is  a living  language  because  it  is  constantly 
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changing  and  growing,  we  will  not  diiparage  the  use  of  words  developed 
to  express  son<e  idea  or  concept.  Someday  those  words  will  be  the  standard 
usage. 

I^lti^dis  and  teaching  machines  are  mly  one  aspect  of 
instructional  technolo^.  Multimedia  means  the  sequential  use  of  a 
variety  of  instructional  materials  for  presentation  or  for  self-study 
programs.  Media  Include  all  printed,  mechanical,  and  electronic  forms 
of  conmninicaticn,  anything  that  is  a carrier  ox  conmiunlcation  (ref.  2j. 

The  teaching  machine  is,  in  essence,  any  machine  which  supposedly  teaches. 
(The  teacher,  if  you  consider  a hi2Win  being  a biological  machine,  is 
also  a teaching  machine- -the  original  teaching  machine.)  Yet,  if  we  are 
more  concerned  about  the  goal  of  education--of  having  the  student 
acquire  knowledge,  we  should  be  talking  about  learning.  The  so-called 
teaching  machine  might  preferably  then  be  any  machine  which  helps  the 
student  to  learn.  Media  are  inherently  a part  of  teaching  machines. 

Scope 

Now  that  we  have  defined  the  basic  terms,  I think  you  can  see  where 
the  scope  of  this  paper  might  lead  us.  Given  that  one  instructional 
technologist  has  already  predicted  the  demise  of  the  teaching  machine 
and  given  that  you  are  probably  tired  of  hearing  anything  about  another 
'•multi*'  then  our  Introduction  becomes  the  scope  of  the  paper,  if  we  were 
to  leave  it  at  that.  But  I believe  we  must  expand  on  our  title  and  talk 
about  instructional  technology,  not  only  about  the  media/raachine  component, 
but  also  about  the  systematic  way  of  designing,  applying  and  evaluating  the 
total  process  of  teaching  and  learning. 
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llAClifflS JIBED  10  iJ^ 

As  tmcMn  ^os«  lAo  f«cUit«t«  Issmiiig  for  th«  stiMwit)  wt 

Med  %o  hftM  SOM  knowledge  of  tiie  AmctlMing  of  the  iMrnlng  psocMs— 
we  Mtd  to  iMrn  how  to  tench.  Msny  tesdiers  are  either  resMtful  of  the 
nmn  Ifistructiimal  technology  oethods  or  ate  reluctant  to  use  thM  hecatae  of 
their  omt  unfMSiliarity.  Many  of  us  have  those  feelings,  just  as  aany  others 
have  those  ssm  feelings  about  reaote  sensing  tedmology,  partially  because 
rMOte  sensing  is  a new  field  idiich  has  been  oversold  at  tiaes.  Eventually 
there  will  be  Mny  desiridile  results  frosi  botii  instructicmal  technology  and 
rmtote  sensing  technology,  after  the  prefer  i^search  has  be«i  condMted, 
practical  uses  propetj.y  deaonstrated,  and  results  properly  coMunicated  to 
the  users. 

As  teachers  we  aust  be  aware  of  «rttat  we  are  trying  to  accomplish 
and  Bust  ask  ourselves  a coi^le  of  questions:  Are  we  trying  to  deteralne 
idiidi  students  are  aore  capable  and  who  therefore  will  get  the  A,  B,  C,  D, 
and  P,  or  ars  we  trying  to  transait  ideas  so  others  cm  learn  to  be 
better,  Mre  creative  persons?  It  seems  to  me  that  the  goal  of  most 
universities  is  toward  the  latter  and  therefore  we  should  at  least  be 
striving  toward  that  goal  even  though  we  aust  coi^roaise  at  tiaes  to 
satisfy  our  himtan  limitations.  He  all  realize  that  there  is  a tradeoff 
here  between  ideals  and  time  and  resources. 

WHAT  TEACHERS  HEED  TO  KNOW 

In  their  book  "Instructional  Technology:  Its  Nature  «id  Use," 

Wittich  and  Schuller  (ref.  1)  point  out  some  basic  gMierallzations  and 
guiding  principles  of  learning  and  idten  Mdia  becewe  appropriate: 

1.  "Effective  learning  begins  with  firsthand  or  concrete  exper- 
iences and  proceeds  toward  m>re  abstract  experi«ices.  Thus  a 
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•tiMlmt  idio  hfts  the  edvaatage  of  reacting  to  Mell-selected  and 
wifely  uaed  ««lia  and  naterials  c«i  learn  aore  effectively  than 
one  lAo  it  provided  with  largely  verbal  infomation  «d  naterials. 

2.  A iMmer  i^fita  aost  ttm  Inatnwticm  id^n  1m  becoMS  involved 
thrm^  his  own  interests  desires.  Well-diosen  Questional 
nedla  presmt  MHMepts  in  such  a wy  as  to  incite  interest  md 
stUnilate  involvasmt. 

3.  A studMit  tdio  is  loiowledgMble  and  idiose  interests  are  aroused 
is  better  able  to  perforn  as  a creative*  inventive  hunan  being. 

4.  Ihe  sMSt  objective  evidence  that  a learner  has  acco^ilished  his 
goal  is  to  be  found  as  one  observes  and  evaluates  the  quality 
of  the  responses  1m  nakes  to  instruction.  Observable  behaviors 
shown  by  learners  after  they  have  responded  to  aedia  instruc* 
tional  opporttmities  present  tangible  evidence  that  can  be 
aeasured,  evaluated*  and  usQ  by  teachers  as  the  basis  for 
ctmtinual  replanning  «id  iaprovMent." 


A THEORY  OF  LEARNING 

There  are  aany  theories  on  how  students  learn  and  one  of  the  most 
intriguing*  especially  for  Ttmtc  sensing  specialists,  appeared  in  the 
Journal  Phi  Delta  Kappan*  February  1978  (ref.  3). 

The  author  of  that  article  believes  that  schools  are  largely  brain- 
antagonistic  in  the  sense  that  the  process  of  learning  depends  not  upon 
what  the  teacher  has  presented  in  class  but  im>re  so  on  the  total* 
previously  stored  experience  of  a particular  brain.  Neuroscientists 
generally  agree  that  the  brain  works  by  programs*  not  in  a logical  step- 
by-step  manner*  but  by  processing  slowly  along  many  sequences  at  unce 
and  by  perceiving  patterns.  Proster  theory  defines  learning  as  the 
acquisition  of  useful  progruns  which  are  stored  in  the  brain  in  structures 
or  "prosters.**  These  "prosters"  are  foimd  by  pattern  detection  and  the 
best  way  to  enhance  learning  is  to  provide  great  amounts  of  input. 

Hart  believes  media  can  provide  the  mechanism  for  providing 
great  amounts  of  raw  material  to  the  student,  hut  the  media  or  teaching 
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tfMt  b$  pw^tf  id  mi  ha  pointt  imt 

* 

tMdbing  Mchintt  th«  gxwt  fftlltar*  of  mmt  yoora,  ms  not  orianttd  to 

iHiild  mm^l  prograas  hit  Inatoul  focuaod  mly  on  tight  mtwars.  Ottot 

w^iwiaual  dovieos,  too,  aak  fot  tight  mtwita  to^or  thM  guidt 

« 

corroct  ptograa  teiilding..." 

As  Aaron  Katz  says,  ''gadgets  ate  necessary  Imt  insufficient,"  (ref. 

4).  It  t^es  pe<q;>le  to  ptograa  aachines,  and  in  both  educational  technolo^ 

and  tN»te  sensing  teclatology,  the  hardware  is  aore  advanced  than  the 

software.  Just  as  tecluiology  in  gmeral  is  ahead  of  aankind's  ability  to 

cope  with  it.  In  fact,  Wittich  and  Schuller  (ref.  1)  coaait  the  very 

sin  th^  are  atteapting  to  dispel  by  continuing  the  ayth  and  pnaaotlng 

the  fears  of  people  who  believe  the  aachine  is  bec<Ming  htnuun.  They 

state  that  "aedia  have  proved  beyoi^  all  doubt  their  ability  to  coaainiicate 

appropriate  content  inforaation  with  efficiency."  In  this  respect  we  had 

better  be  careful— for  we  may  soaeday  yet  get  to  the  point  of  building  that 

coaputer  which  occi^ies  9 square  blocks  and  is  10,000  tiaes  more  advanced  than 

the  ILLIAC  co^uter.  And  scientists  will  piarvel  over  this  device  and  ask  the 

one  qiMStion  most  on  their  minds,  "Is  there  a Cod?,"  and  feed  it  to  the  CMqmter. 

* 

And  the  cwsputer  will  spit  back  the  answer,  "There  is  one  nwJ" 

In  the  planning  and  execution  of  leai*ning  strategies  we  might  take 
the  suggestion  of  Carpenter  (ref.  S),  who  gives  these  practical  guidelines: 

1.  Provide  a variety  of  coitditions  for  learning,  including  size 

and  coaqjosition  of  the  learning  group,  the  schedule  and  depth  of  aaterial! 

2.  Siaulate  conditions  which  the  student  nay  encounter  in  his 
future  learning  situations. 
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S.  Trtln  stttdmt*  in  ^ itrattglnt  aatf  skilli  for  looming  imdor 
tte  tpoeiml  cmiditiimi  (llko  indivl^lizod  looming)  providod  for 
foml  loomiiqt. 

4.  Itroin  oMnlMitt  to  iMm  ^ ko  wtonowms  loormrt. 

IMfi  GOOD  AND  THE  lAD  OF  INSTIUJCTIONAL  miHWLOGY 

AdVOTtMOS 

It  hos  bom  stanm  in  aony  studios  thot  stii^Umts  can  loom  effmtivoly 
with  nov/  instmctimol  tochnolo^  nothods  aiul  nodio.  Soao  of  tho 
roaswis  for  tkis  oro: 

1.  A grootor  vorioty  of  nothods  md  mm  possible.  Ibis 

can  reinforce  learning. 

2.  A greater  variety  nay  aotivote  sone  students  tdto  nay  not 
otherwise  have  been  inspired. 

3.  Studmts  can  got  nore  involved  in  the  learning  prmess. 

4.  It  nay  help  to  iqirove  tho  teacher  because  the  use  of  instructional 
techiwlogy  requires  nore  exacting  work. 

5.  It  can  bring  renowned  instructors  into  the  progru  throng 
the  use  oi  audiovisual  aids. 

6.  It  can  keep  mterial  current  with  audiovisual  aids. 

7.  Teachers  cm  reach  a greater  audience. 

8.  More  responsibility  to  learn  1s  put  on  the  student  idwre  it 
belmgs. 

Linitations 

There  are  also  possible  drai^acks  in  the  use  of  instructional 
tocluiology  that  we  should  be  aware  of: 
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1.  At  ifittructort  we  aty  teat  to  lose  perstmal  conttct  with  Uie 


students. 

2.  Som  students  asy  lose  aotivstion  because  of  the  loss  of 
persmial  cimtact;  soae  nay  not  take  the  responsibility  to  learn. 

3.  Costs  aay  be  high  for  equii»ent,  aaterials,  and  programing. 

4.  Much  planning  is  necessary. 

5.  If  instructors  tie  theaselves  too  closely  to  the  use  of  aedia 
and  teaching  aachines  they  aay  lose  flexibility. 

6.  Ne  cannot  assuae  a student  has  learned  once  he  has  viewed  a 
slide/tape  prograa.  There  mist  be  a change  in  behavior,  and  feedback. 

7.  Media  aay  not  be  impropriate  for  »vae  topics. 

Warnings 

There  are  sme  who  warn  us  to  be  wary  of  individualized  or  prograamd 
instruction.  Charles  F.  Hoban  (ref.  6}  believes  that  soae  of  the  ideas 
which  have  ctaie  fr<»  psychologist  B.  F.  Skinner's  philosophy,  especially 
prograaaed  instruction,  individually  prescribed  instruction  and  educational 
objectives  in  behavioral  terms  of  performance,  can  be  antisocial  because 
of  a lack  of  engagment  in  group  or  team  activity  and  interaction,  and 
in  comsBinity  involvement.  Hoban  is  not  saying  there  is  no  place  for 
these  concepts  of  education  but  that  they  cannot  be  '^elied  on  totally,  partly 
because  there  has  not  been  thorough  research  on  the  long-term  results  of 
such  education.  Likewise,  hardware  cannot  be  relied  on  totally  to 
accmplish  the  education  task,  but  rather  "the  development  and  promulgation 
of  understanding  and  application  of  the  systems  concept."  (We  must  realize 
that  the  types  of  instruction  promoted  by  Skinner  need  not  be  on  an  individual 
basis  but  can  be  done  also  on  a group  basis). 

Others  warn  that  we  are  bec<ming  siachine- dependent,  that  we  are 
prouder  of  our  swchines  than  of  our  people  or  of  the  products  of  our 


Takt  for  oxMqple  a r«K>te  Lansing  ipaclalist  thoalng  off  his 
nm$  half-niUi<Hi-(tolUr  i»'ge  processing  sMchine  i^ich  has,  as 
jfot,  siMwn  no  usefui  results,  sachines  do  have  their  place,  and  we 
CMild  if  w wmcmI,  |Hit  our  creative  tuaun  ener^  to  better  use  if  we 
M|)loy^  Machines  to  ^ tasks  More  suited  to  thoM.  MultiMedia  and 
teaching  Machines  are  exp^imt  to  hai^le  large  martyrs,  uid  if  we 
really  want  to  teach  and  have  students  learn,  then  we  should  take  advantage 
of  Machines:  use  thee  as  aids  so  we  can  better  uje  our  talents  to  teach. 

Learn  froa  History 

Instructional  technology  and  all  it  isq^lies  can  be  used  effectively 
and  will  not  necessarily  be  the  d«aUe  of  educat ion* • just  as  the 
ability  to  write  did  not  Mean  the  denise  of  truth  as  Socrates  suggested 
to  Phaedrus  about  the  newly  eccvfvcd  ability  to  wrUc:  *'for  this  discovery 
of  yours  will  create  forgetfulness  in  the  learners'  soul,  because  they  will 
not  u^o  their  neMories;  they  will  trust  to  the  external  written  characters 
and  not  nmwheT  for  theaselves.  The  specific  which  you  have  discovered 
is  an  aid  not  to  nesMry,  but  to  reniniscence,  and  you  give  your  disciples 
not  truth,  but  only  the  sesriilance  of  truth;  they  will  be  heavers  of  many 
things  and  will  have  learned  nothing"  (ref.  7). 

The  purpose  of  planned  education  is  to  motivate  ano  teach  many 
people  at  an  advanced  rate  to  learn  how  to  learn  end  to  be  creative, 
protective  htnan  beings.  Otherwise,  people  could  learn  on  their  own,  in 
their  own  way  and  in  their  own  time.  Media  can  assist  to  help  Motivate 
and  teach  at  a rate  faster  than  the  daily  trial  and  error  learning  experience. 
Strtsae  and  Lauer  (ref.  fi),  in  discussing  the  efforts  being  made  to  shortei)  the 
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time  to  transfer  technology,  point  out  that  media  are  a principal 
means  for  motivating  and  commmicating  with  others  in  this  educational 
process. 

Disappointments 

Some  instructors  never  did  believe  in  the  new  instructional  technology 
and  many  others  have  been  disappointed  by  the  rest\lts  thus  far  generated. 
Gillett  (ref.  2}  lists  some  of  the  basic  causes  for  this: 

1.  The  r S'-  pervasive  cau::^e  is  the  lack  of  understanding  about  the 
process  of  human  learning.  One  result  of  this  is  the  selection  of 
inappropriate  mediums  for  a particular  message. 

2.  Lack  of  sufficient  funds. 

3.  Significant  change,  as  promoted  by  instructional  technology,  is 
not  possible  in  an  educational  process  which  is  basically  conservative. 

4.  Because  of  such  fears  as  "machines  replace  teachers  in  the 
classroom,"  there  is  much  indifference  or  antipathy  toward  the  use  of 
technology. 

5.  Many  programs  that  have  been  developed  for  instructional  tech- 
nology have  been  poor  and  therefore  do  not  sell. 

6.  Much  equipment  is  poorly  designed  and  obsolescent.  Hardware 
and  software  are  not  always  compatible  between  brands. 

7.  Doth  hardware  and  software  may  not  be  easy  to  get.  They  may 
have  to  be  scheduled  months  ahead  of  time  and  at  inappropriate  times 
during  a course.  The  process  of  getting  an  item  may  be  more  trouble 
than  it's  worth. 

8.  Most  instructors  have  not  been  trained  to  use  instructional 
technology  and  are  therefore  not  aware  of  its  capabilities  and  generally 
reluctant  to  use  something  new. 
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9.  Kfedia  specialists  have  not  been  included  in  curriculum 
d^lO]pent. 

DeBemardis  (ref.  9)  bluntly  states  that  very  little  media  have  been 
integrated  into  the  teaching  and  learning  process.  Melerhenry  (ref.  10) 
looking  at  the  role  of  media  in  the  future  of  higher  education,  noted 
that  educational  technology  is  most  prevalent  in  engineering,  coiq)uters 
and  applied  health  fields,  in  community  and  technical  colleges,  in 
nontraditional  types  of  education  like  open  universities,  and  in  the 
military.  Melerhenry  does  not  explain  why  this  is  so;  some  of  these 
areas  are  oriented  more  toward  the  training  (what  many  might  call  the 
Skinnerian)  approach  rather  than  the  educational  approach  to  learning, 
and  this  might  help  to  explain  why  certain  fields  and  institutions  would 
use  educational  technology.  Educational  technology  is  most  advanced  in 
situations  where  there  is  heavy  emphasis  on  producing  a change  in  behavior 
that  can  be  measured;  where  obtaining  knowledge  is  crucial  to  the  success 
of  the  learner  and  the  enterprise. 

PURPOSE  OF  MEDIA 

One  of  the  disappointments  of  media  is  the  inability  of  many  to  use 
the  appropriate  media  to  accomplish  given  goals.  As  instructors  we 
should  be  aware  of  what  can  be  accomplished  using  different  instructional 
techniques.  The  rationale  for  choosing  instructional  media  rests  on  the 
assumptions  that  educational  objectives  require  different  kinds  of  learning 
and  that  media  are  vehicles  for  providing  different  stimulus  presentations 
(ref.  11).  Gerlach  and  Ely  (ref.  12)  discuss  teaching  and  media  in 
great  detail  in  this  respect  and  McKeachie  and  Kimble  (ref.  13)  specify 
the  appropriate  goal  for  given  media  techniques.  These  are  listed  in 
Appendix  A and  are  a good  starting  point  for  any  instructor. 
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mi  MUCH  DOBS  IT  COST? 

One  of  the  best  stt^ies  done  on  the  cost  of  Instruction  in  relation 
to  echievmmt  wss  by  Brooks  uid  Leth  (ref.  14).  They  surveyed  64 
colleges  and  universities  with  large  nulti-s^tional  cnnBunications 
cmirses.  The  following  taxonoi^r  was  used  to  define  the  instruction 
Bwthod  and  the  number  in  parenthesis  identifies  the  percentage  of  schools 
in  the  survey  using  this  method. 

e 

1.  Computer-managed  (CMI)  or  computer-assisted  instruction  (CAI) 

(3%). 

2.  Self-instruction  (prograrased  learning,  auto- tutorial,  individualized 
learning,  directed  study,  audio  or  video  cassette  packages)  (11%) . 

3.  Mass  lecture  (televised,  in  person,  or  imilti-media)  (40%) . 

4.  Simulation  and/or  games  (11%). 

5.  Use  of  peers,  other  undergrads  having  completed  the  course  or 
other  paraprofessionals  (13%). 

6.  Instructional  radio  or  TV  (9%). 

7.  Course  credit  by  exam  or  prior  experience  (40%) . 

The  authors  noted  that  mass  lecture  was  the  most  often  used  but 
also  the  type  of  instructional  method  nK>st  discarded  because:  it  was 

too  costly;  had  lower  achievcmient;  there  was  student  apathy  and  instructor 
and  student  negative  attitudes;  instructors  were  constantly  redoing 
materials;  there  was  little  or  no  interaction;  and  there  were  problems 
with  equipment.  The  survey  indicated  that  except  for  instructional 
radio  and  television  and  credit  by  exam,  achievement  for  non-traditional 
methods  is  as  high  as  for  traditional  methods. 

Brooks  and  Leth*  s survey  also  developed  some  of  the  best  cost 
estimates  of  different  types  of  instruction.  These  are  lisfi  d in 


table  1. 
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Self-instruction  module  loaming  was  fomd  to  be  more  efficient  and 
student  evaluations  higher  than  traditional  methods  because: 

1.  The  «q>h8sls  is  on  the  student's  learning  rather  than  the 
teacher  telling. 

2.  There  is  repetition  in  the  module  methods. 

3.  Module  learning,  which  has  small  segments  of  material  logical 1/ 
sequenced  and  "built-in"  self  correction,  is  effective  in  itself. 

4.  Students  get  involved  in  the  learning  process. 

5.  Hie  student  can  progress  at  his  own  rate. 

Instructors  were  quite  satisfied  with  the  modules  also  and  they 
found  that  students  participated  in  class  more  than  ever  before. 

Edward  Caffarella  (ref.  15),  after  reviewing  the  literature  of  cost 
studies,  developed  a number  of  propositions  on  the  cost  effectiveness  of 
media.  Three  of  the  more  pertinent  ones  are: 

1.  The  costs  of  instructional  media  technology  vary  with  tlie  level 
of  sophistication  of  the  production. 

2.  The  use  of  instructional  media  technology  can  result  in  savings 
in  student  learning  time. 

3.  Educational  institutions  can  increase  their  student/faculty 
ratio  through  the  use  of  instructional  media  technology. 

Tickton  (ref.  17,  pp  992-997,  1012-1013)  also  lists  a number  of 
good  economic  evaluations  of  instructional  media. 

WHERE  ARE  WE  TODAY 
College-wide  Programs 

Many  innovative  instructional  technology  programs  have  been  developed 
throughout  the  country,  mainly  in  smaller  private  and  community  colleges. 
Some  of  the  more  renowned  programs,  described  in  references  1 and  16,  are: 
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1.  A PersonaUzed  Education  Prograa  at  Oakland  Conminity  College, 
Michigan  which  aatches  the  cognitive  style  of  the  sttident  with  the 
aethods  and  media  by  «dtich  he  learns. 

2.  A college-wide  Audio-Visual  Tutorial  Progrun  at  Lansing  C^ununity 
College,  Michigan. 

3.  A DATA  GRAM  system  at  Oklahoma  Christian  College  in  Oklahoma 
uses  a dial-access  system  for  individual  or  group  listening  to  tapes, 
niere  were  120  dial  access  information  retrieval  systems  in  the 
United  States  in  1970  (ref.  17). 

4.  Gillett  (ref.  2)  lists  a number  of  new  developments  in  Canada 
and  internationally,  including  one  vdiich  has  been  described  as  a "learning 
cafetei’ia."  The  Cross-Cultural  Learning  Center  of  the  University  of 
Western  Ontario  uses  multimedia,  computer- ass is ted  information  system 
using  films,  slides  and  sound  shows,  books,  videotapes,  music  and  artifacts 
to  orient  Canadians  before  they  go  to  work  in  less  developed  countries. 

5.  Portland  Community  College  in  the  last  two  years  has  developed 
a shopping  center  approach  to  education  which  is  time  independent. 

Students  shop  in  a center  for  the  curriculum  and  courses  they  wish  to 
take  and  select  a program  after  counsel  with  the  college  staff.  The 
individual  courses  are  programmed  instruction  packages  using  various 
media.  One  other  unique  feature  of  the  college  is  that  every 
student  graduating  is  guaranteed  job  placement. 

These  are  but  a few  of  the  more  illustrious  programs  that  have 
developed  on  a college-wide  basis  In  the  last  15-20  years.  In  remote 
sensing  we  may  not  be  able  to  relate  to  these  directly  but  we  can  relate 
to  the  following  individual  programs  or  developments. 
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Optical  Videodisc 


Ona  of  the  aost  algnlficant  technological  develc^Ments  in  recent 
years,  especially  with  respect  to  both  remote  sensing  and  instructional 
teclmology,  is  the  optical  videodisc.  As  explained  by  E.  M.  (Mac) 

Gardiner,^  the  videodisc  is  a 12**  diameter  disc  much  like  a phonograph 
record  which  provides  for  storage  and  retrieval  of  audiovisual  as  well 
as  alphanumeric  and  coiqmter  information.  With  an  optical  pickup,  a 
user  has  the  capability  to  retrieve  any  of  the  following:  (1)  30  minutes 

of  full  color  or  black  and  white  high  resolution  motion  picture  with 
sound,  or  video  with  sound,  on  one  side  of  a disc;  (2)  54,000  separate, 
indivi<hial  high  resolution  fr^e^s  of  full  color  image;  (3)  200  hours  of 
audio  output:  or  (4)  54  billion  bits  of  alphanumeric  or  coaputer  information. 
The  above  information  can  be  mixed  on  the  videodisc  so  that  a user  can 
obtain  any  combination  of  motion,  aural,  video  and  single  frame  information 
in  any  sequence. 

As  described  by  one  of  the  leading  conq>anies  in  the  field,  the 
videodisc  is  accessed  by  an  optical  contact,  low  power,  helium-neon 
laser  beam  of  coherent  light  in  a compact  portable  player  and  the  image 
is  displayed  on  any  standard  TV  receiver,  monitor  or  CRT  device.  Information 
from  audiovisual  and  many  other  sources  can  be  mastered,  replicated, 
and  distributed  on  these  discs.  Because  the  information  which  is  contained 
on  them  is  retrieved  without  contact,  there  is  a transparent  plastic 
layer  to  protect  the  surface  which  makes  them  more  durable  than  phonodiscs. 
Any  of  the  disc's  54,000  indexed  frames  can  be  accessed  immediately 
using  a digital  readout  controller. 

It  appears  that  the  videodisc  is  a very  powerful  tool  for  storing 
and  retrieving  vast  volumes  of  information  in  any  format  on  media  quickly. 
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easily  and  economically.  One  version,  the  MCA  DISCO -VI SION  industrial 
player  was  designed  for  instruction,  training,  audiovisual  archive  file 
retrieval  and  other  communications  uses.  MCA  is  also  putting  out  a 
c(msi«er  unit  which  is  reported  to  cost  approximately  $600. 

The  potential  uses  of  the  videodisc  are  mnnerous  but  some  of  the 
more  immediate  applications  that  come  to  mind  are: 

1.  An  entire  curriculum  of  course  audiovisual  material  could  be 
stored  on  one  videodisc  for  student  self-progrumning.  Used  in  conjunction 
with  a computer,  any  course  could  be  accessed  by  a student  using  any 
media— video,  movies,  stills,  sound,  etc.  With  any  computer  software 
programs  employing  a branching  and  subroutine  capability,  a student 
could  be  tutored  through  a course. 

2.  All  forms  of  information  could  be  put  on  videodisc  for  storage 

and  quick  access  in  libraries.  For  example,  all  the  pages  of  the  Encyclopedia 
Britannica  and  all  its  supplements  could  be  stored  on  one  videodisc  with 
room  to  spare. 

3.  Entire  courses  can  be  put  on  the  videodisc  for  mailing  to 
correspondence  and  extension  course  people  around  the  country  and  to 
provide  education  modules  for  those  in  less  developed  countries. 

4.  The  use  of  videodiscs  for  storing  and  immediate  retrieval  of 
aerial  photographs,  LANDSAT  scenes,  and  other  imagery  is  a most  timely 
innovation. 

Think  of  the  potential  of  using  a computer- control led  videodisc 
to  project  a holographic  or  other  stereo  image  on  a screen  for  a student 
to  view,  interpret,  and  answer  questions  about.  That  sounds  intriguing 
for  management  and  research  also.  Or  consider  how  it  could  aid  an 
instructor  to  answer  a student's  question  he  doesn't  know  the  answer  to, 
if  he  were  to  have  a terminal  and  CRT  in  front  of  him  in  the  classroom. 
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To  expand  on  the  computer-controlled  videodisc,  Alan  Kelloch,  Vice 
President,  McGraw-Hill  Book  Company  (ref.  18)  forecasted  the  use  of  the 
videodisc  with  TICCIT  (Time-Shared,  Interactive,  Computer-Controlled 
Information  Television)  a system  which  now  combines  computer  uid  television 
technologies  with  instructional  technology.  The  TICCIT  approach  is  one 
of  individualized  interactive  instruction  in  which  the  machine  and 
software  technology  act  as  a tutor  and  essentially  fulfills  the  role  of: 

(1)  identifying  the  student’s  needs;  (2)  describing  and  evaluating 
options  for  the  student;  (3)  establishing  goals  and  objectives  with  the 
student;  (4)  organizing  learning  content  and  structure;  and,  (S)  orienting 
the  student  on  procedures.  The  advantage  of  using  videodisc  with  TICCIT 
is  the  high  storage  and  ready  access  capacity  of  videodisc  so  that  there 
is  a very  high  degree  of  interaction  by  the  students,  almost  as  if  he 
had  his  own  personal  tutor  available  to  him  when  needed. 

The  optical  videodisc  has  much  potential  for  us  both  in  remote 
sensing  teaching  and  research.  Being  a new  technology,  it  will  be  up  to 
us  to  search  it  out  and  find  those  potentialities  and  apply  them  to  our 
needs. 

Audio-Tutorial  Approaches 

The  Origin 

The  audio- tutorial  approach  to  education  was  developed  by  S.  N. 
Postlethwait  at  Purdue  University  in  1961  (ref.  19).  It  is  one  of  the 
most  widely  used  multimedia  and  self-instruction  approaches  to  learning 
in  the  world  today.  It  also  seems  to  be  the  iwst  widely  used  new  approach 
in  remote  sensing  education,  having  known  proponents  at  Purdue,  Minnesota, 
Oregon  State,  and  Idaho.  The  author  became  acquainted  with  this  system 
through  Professor  H.  J.  Arneman,  of  the  Soil  Science  Department,  University 
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of  Hinnosotft  tdu>  hod  studied  Professor  Postiethmit's  developnent  st 
Purdue  and  established  his  own  for  a basic  soils  course. 

Minnesota  Mtd  Idaho  Systens 

Ihrough  the  aid  of  educational  develofment  and  eguipoent  grants  at 
the  University  of  Minnesota,  the  author  was  able  to  obtain  in  1971  the 
necessary  audio  and  visual  efjtl|nn«it  to  establish  a sinilar  pnsgran  for 
his  aerial  photo  interpretation  course.  The  production  of  prograa 
materials,  slides  and  tape  for  the  first  year  was  not  an  easy  task,  and 
the  tine  spent  by  just  this  author  af^roxlmted  400  hours.  The  cost  of 
the  equi{»»nt,  nateriais  and  production  was  about  $6000. 

Synchronized  slide/tape  programs  were  developed  for  12  laboratory 
exercises  with  an  acconpanyirg  lab  handout  detailing  objectives,  references, 
the  problea  and  expected  results.  The  audio- tutorial  programs  were 
available  in  the  aerial  photo  interpretation  lab,  in  the  library  and  at 
the  Learning  Resources  Center  of  the  St.  Paul  campus.  Most  carrels 
included  reel-to-reel  tape  recorders,  carousel  slide  projectors  and  a 
rear  view  screen.  A teaching  assistant  was  available  in  the  aerial 
photo  interpretation  lab  for  20  hours  per  week  and  the  Instructor 
visited  the  lab  often  during  the  first  year. 

The  course  was  taught  by  the  author  once  a year  for  three  years  at 
the  University  of  Minnesota  and  vhen  transferred  to  the  University  of 
Idaho,  the  audio  tutorial  ^proach  was  again  established  and  taught 
twice  a year.  Since  1972  it  has  been  taught  10  times  with  approximately 
1100  students  taking  the  course. 

Generally  the  students  prefer  the  audio-tutorial  approach  because 
it  results  In  more  efficient  use  of  their  time.  It  also  provides  the 
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student  with  s»re  of^rtimity  to  get  assistance  in  learning  procedures 
and  cos^leting  exercises.  In  a structured  lab  situation  the  student  is 
confined  to  two  to  four  hours  of  lab  time  and  competes  with  iqp  to  40 
other  students  for  the  instructor’s  time.  With  the  audio  tutorial  approach 
the  student  has  up  to  60  hours  within  which  to  review  synchronized 
slide-tape  programs  or  get  assistance  from  a teaching  assistant  or  the 
instructor.  The  convenience  in  planning  study  time  and  the  ability  to  move 
at  one’s  own  pace  was  a great  advantage  for  the  range  of  student  abilities. 

Some  of  the  other  advantages  noted  for  the  audiotutorial  approach 

are: 

1.  The  method  provides  a means  for  handling  higher  enrollments 
more  economically. 

2.  The  information  passed  on  to  the  student  through  the  slide  tape 
programs  is  standardized  for  all  students. 

3.  There  is  potentially  more  opportunity  for  student -teacher 
contact. 

4.  The  instructor  can,  through  the  slide- tape  programs,  get  simple 
ideas  across  quickly,  giving  more  time  to  study  the  more  abstract 
ideas  and  concepts. 

Two  trends  that  have  been  apparent  throughout  the  last  six  years  in 
this  course  relate  to  the  student,  his  ability  and  personality.  One  is 
that  the  more  intelligent  students  who  are  at  the  same  time  independent 
minded,  finish  lab  exercises  very  quickly  with  very  few  demands  on  the 
teaching  assistant  or  instructor,  whereas  the  less  intelligent  and  dependent 
types  must  be  led  by  the  hand  and  demand  much  more  of  the  teaching  assistant 
and  instructor  than  would  be  required  during  a structured  lab.  Like  college 
entrance  exams,  which  greatly  favor  those  who  can  read  and  write,  any  educational 
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process  favors  those  idw  have  the  baekgromd  to  proceed  to  learn.  The  Urge 
irmq>  of  students  between  tiie  aost  and  least  intelligent  and  independent 
required  i^mit  the  saae  aawnt  of  tiae  to  do  their  exercises  in  the  audio- 
visual coapared  to  the  structured  lab*  but  they  did  it  at  their  own  pace. 

The  other  trend  that  has  been  apparent  is  that  students'  past 
aethod  of  learning*  idiicl.  *>«s  usually  relied  <m  traditional  teacher/ lecture 
approaches*  is  very  difficult  to  overcoae.  Students  becoae  very  dependent 
on  this  aet}^  after  12  years  of  school  and  it  is  an  overwhelaing 
burden  for  aany  to  have  the  freedms  and  responsibility  to  educate 
thMselves.  Nord  (ref.  20)  noted  that  in  one  study,  srae  students 
rejected  self-instruction  because  they  had  becoae  followers  and  were 
looking  for  aen  to  t^ch  and  grade  th«a  rather  than  sadia.  When  using 
self-instruction  techniques  students  are  coapeting  with  their  om  past 
perforaance  rather  th«i  with  other  students*  and  they  are  not  used  to  doing 
this. 

The  above  trends  point  out  the  continuing  need  to  provide  many  alternatives 
to  the  teaching/ learning  approaches  used  in  education.  One  approach  nay 
be  Bore  econcmical  but  it  is  not  necessarily  the  best  neans  of  educating 
people*  even  those  with  equal  abilities,  similar  backgrounds  and  personalities. 
Because  of  the  denand  by  many  students,  this  author  has  instituted  a 
structured  lab  into  his  aerial  photo  interpretation  course.  The  students 
taking  this  structured  lab  seem  very  interested  in  the  subject  naterial 
and  very  conscientious  in  learning  the  aaterial.  They  generally  do  no 
better  nor  worse  than  the  students  taking  the  audio- tutorial  approach. 
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On«.oth«r  that  X Mtit  relate  la  a personal  mie  in  eosq^ring 

the  tn^itlonal  versus  tiie  nontradititmal  to  teadilng.  There 

is  a feeling  of  lost  of  control  over  the  teaching/leaxning  situation,  a 
loss  of  iuMdiate  lu^ledge  of  how  the  student  is  really  <k»ing  and  a 
loss  of  contact  with  aany  of  the  students,  especially  ^e  better  students 
who  quickly  learn  the  subject  aaterial  on  their  own  and  need  no  contact 
with  the  instructor.  When  asked  to  evaluate  a student  perfomanee, 
inpersonal  lab  reports  and  ex»s  are  the  tmly  Bedita. 

Oreg<m  State*  s Systca 

Dave  Paine  at  Oregon  State  University*  s School  of  Forestry  has  also 
given  an  audio-tutorial  course  In  aerial  photo  interpretation  for  a 
nuadier  of  years,  but  his  is  based  on  the  unit  nastery  aodel  (ref.  21) 
whereby  eastery  is  deaonstrated  by  coapletion  of  exanlnations  before 
proceeding  on  to  the  next  subject.  Paine  generally  found  the  following, 
as  shown  by  other  research  on  the  personalized  self-instruction  aethod: 

1.  Increased  Mastery  and  longer  retention  of  material  cellared  to 
traditional  methods. 

2.  Higher  grades,  with  very  few  failing. 

« 

3.  )tore  motivated  students  and  greater  student  satisfaction. 

4.  More  material  covered  in  the  same  amount  of  time. 

Paine  noted  that  there  were  more  students  who  withdrew  or  dropped 
fr«i  this  type  of  course,  some  because  they  could  not  master  the  materiel, 
others  because  the  material  is  more  difficult  and  others  because  they 
could  not  discipline  themselves  to  keep  pace.  Many  students  (up  to  201) 
also  withdrew  from  my  audio-tutorial  course,  mainly  for  the  latter 
reason  of  the  above  three.  Ninety  percent  of  the  students  who  withdrew 
told  me  they  just  did  not  do  the  labs  because  no  one  forced  then  to! 
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Bttck  to  hit^ 


Univtftity  alM  «•••  tilt  widio-^i^ofltl  t^prot^  in  tlitir 
r«M^t  tmtii^  coiOMt  (ttf,  22,  2S,  24).  tlity  luivt  produetd  proftttlmtl 
MttrUl  to  bt  uMd  in  i^patr  couritt,  continuiiv  tAumtim  workthopt 
and  short  courttt.  Tht  iMming  aoteltt  trt  tj^ltintd  to  'Mitrix  of 
Educational  «td  l^ini^  NattriaU  to  Xtaott  Sanatog"  (rtf.  2S)  and  art 
for  sale  to  the  gmeral  to— unity,  in  eontnist  to  the  other  audio- 
tutorial systens  Mntimed. 

USE  OP  CONPUTERS  IN  INSTRUCTION 
Oil  and  CAI 

ConfHtters  are  used  to  both  wuiage  and  aid  instruction.  In  nanaging 
instruction  the  ccnqniter  assuaes  the  role  of  advisor,  detemining  the 
student's  needs,  suggesting  courses  of  action,  and  keeping  track  of  the 
student's  progress.  This  can  provide  the  student  his  own  personal i ted 
progran  and  at  the  saae  tint  elininate  soae  of  the  aore  taxing  details 
for  the  instructor.  It  can  also  keep  hia  up  to  date.  Such  a systea 
though  requires  considerable  organization,  specification,  sequencing  and 
prograsMing  of  course  aaterial.  CMI  aay  be  used  alone  or  in  conjiaicticm 
with  coaster-assisted  instruction. 

instruction  (CAI)  takes  a more  active  role  in  the 
education  of  the  student  by  presenting  infomaticM),  asking  questions, 
Judging  the  student's  lusponse,  and  correcting  wrcmg  answers— in  other 
words  interacting  with  the  student  Just  as  an  instructor  night  do.  The 
hope  for  CAI  is  to  individualize  and  personalize  the  instructional 
process  and  to  siaulate  experiences  that  «rauld  not  otherwise  be  possible. 
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Hi«  eoM|nit«r  cmild  b«  of  any  tiso;  also  controla  the  itiaibar  of 
a^i^ta  iMonetlag  siaultMiooutly.  Tho  attalent  coHnsiicatas  with  tha 
Mnputor  (Ckrough  an  Xi^utAhitput  (I/O)  dovica.  untally  a taninal  of  ona 
of  tha  following  typoa:  (1)  harden  output  with  kayboard  iiqput  (a.g. 

talatypa);  (2)  lino  oriantod  OtT  diaplay  with  kayboard  in^t;  and  (3) 
raatar  aean  griqdiie  diaplay  (aithar  black  and  tdtita  or  color)  with 
kayboard  ii^t.  facial  I/O  davicaa  nay  ati^laaant  tha  baaie  taninal. 

Such  iiqmt  davicaa  includa  thoaa  uaad  to  position  a cursor  or  to  usa  a 
li^t  pan,  touch  panal  or  Joystick  on  a CRT  display.  Special  output 
davicas  includa  owiiatar-controiled  audiovisual  aachinas  or  videodisc 
displays.  A digitixar  is  an  axanpla  of  an  I/O  davica  CMwmily  used  in 
noota  sansing. 

Thara  ara  a iMsid>ar  of  dialog  types  batwaan  stiwlant  and  the  c«^nitar 
systM.  Tha  siaplast  is  drill  and  practice  in  i^ich  the  coaster  asks 
tte  student  questions.  Judges  and  criticises  tha  answers,  and  dataninas 
tha  difficulty  and  subjMt  Mtarial  for  future  questions.  Am>iher  type 
of  dialog  is  iiHtuiry  dialog  in  idiich  tha  student  asks  questions  of  tha 
systaa  and  tha  systaa  nsjwmds  after  searching  and  finding  an  answer. 
Oppose  to  tha  inquiry  dialog  is  a Socratic  dialog  in  «diich  the  systaa 
asks  a series  of  carefully  planned  quest irnis  of  the  student,  each  dependant 
on  tha  student's  previous  answer,  encouraging  tha  student  to  learn  by 
hiasalf  tha  desired  results.  A final  type  of  dialog  is  sinulation 
dialog  in  which  tha  systaa  siaulatas  tha  affects  of  a student's  choice 
of  parmatars  on  tha  final  mitcoaa  of  a process. 

As  far  as  is  known  thara  are  no  uses  of  CAI  in  reaota  sansing 
a^ication.  Host  dialogs  could  be  used  in  teaching  raaote  sensing 
althmigh  soaa  ara  batter  suited.  The  aathaaatical  and  statistical 
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aspects  of  reaote  sensing  and  statistics  are  appropriate  for  the  drill  and 
practice  dialog  and  tasks  such  as  clustering  and  classification  of  inages 
would  be  aost  adaptable  to  the  simulation  dialog. 

PLATO  and  TICCIT 

The  two  most  prominent  CAl  syst^s  developed  and  currently  in  use 
are  PLATO  (Programmed  lAgic  for  Automatic  Teaching  Operations)  and 
TICCIT  (Time- shared.  Interactive,  Cois^uter-Controlled,  Information 
Television).  PLATO  was  developed  in  the  early  1960's  at  the  University 
of  Illinois  and  is  now  the  largest  computer  system  designed  for  education, 
with  1000  terminals  in  the  United  States  and  overseas  connected  to  a 
Control  Data  Corporation  Cyber  73-24  computer  in  Urbana,  Illinois  (ref. 
25).  The  PLATO  system  takes  advantage  of  the  capabilities  of  computers 
to  both  .manage  and  assist  in  instruction  and  utilizes  many  of  the  dialogs 
available.  By  means  of  a plasma  panel,  dynamic  graphics  can  be  presented 
to  the  student  to  illustrate  principles  and  concepts  to  be  ^earned. 
Professor  Ron  Danielson,  who  related  much  of  the  CMI  and  CAI  information 
to  me,  did  his  thesis  work  on  the  PLATO  system. 

The  other  major  CAI  system  which  goes  by  the  acronym  TICCIT  combines 
computer  and.  television  technology  with  instructional  technology.  It 
was  developed  by  a team  from  the  University  of  Texas,  Brigham  Young 
University  and  MITRE  Corporation  in  the  early  197C's.  With  TICCIT, 
students  use  electronic  keyboards  with  color  television  receivers  to 
interact  with  the  system.  The  student  controls  his  own  instruction, 
both  subject  matter  and  pace  at  which  tc  work.  Lessons  for  this  system 
were  designed  by  teams  of  specialists  aimed  at  providing  a complete  and 
independent  alternative  to  entire  college  courses.  TICCIT  has  been 
installed  at  Phoenix  College,  Arizona,  Northern  Virginia  Community 
College,  Virginia  and  Brigham  Young  University.  Utah. 
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CAI  at  Stanford 


Although  It  did  not  haw  an  acronym  (and  therefore  did  not  bec<»e  as 
well  known),  CAI  systems  were  developed  here  at  Stanford  under  the  direction 
of  Patrick  Suppes  of  the  Institute  for  Mathematical  Studies  in  the  Social 
Sciences  in  the  early  1960*s  and  the  CAI  instruction  was  used  in  grade  schools 
in  1965  and  at  the  university  level  in  1967.  From  this  early  work,  CAI  systems 
arc  now  available  thrtHigh  Computer  Qirriculum  Corporation  (CCC);  these  consist 
of  an  instructional  ccMiputer  which  can  provide  individualized  instruction  to 
as  many  as  96  CRT  or  teletype  terminals  simultaneously  (ref.  26) . CCC 
offers  a variety  of  courses  for  elementary  through  junior  college  students 
and  they  have  installed  several  thcmsand  terminals  throughout  the  United 
States. 


ITC  >faltiscan 

The  International  Institute  fo:  /erial  Survey  and  Earth  Sciences 
(ITC)  uses  multimedia  in  teaching  their  many  courses  according  to  Mr. 

John  Richardson,  Head  of  the  Centre  for  the  Advancement  of  Learning  and 
Teaching  at  ITC.  Audio  tape/slide/instruction  booklets  have  been  developed 
in  cooperation  with  Shirley  M.  Davis,  Education  and  Training  Specialist, 
at  LARS,  Purdue  University.  These  programs  are  used  to  teach  applications 
of  remote  sensing  in  soil,  geologic  and  rural  surveys.  ITC  instructors 
also  employ  the  use  of  stereo  projected  images. 

ITC  is  in  the  process  of  developing  a teaching  machine  to  be  used 
for  instruction  in  aerial  photo  interpretation  by  more  than  two  persons 
simultaneously.  According  to  Mr.  E.  Bergsroa,  Coordinator  of  the  Project, 
the  principle  of  the  machine  is  proprietary  information  at  this  time  but 
it  appears  that  it  has  potential  use  for  them  in  their  courses  and  they 
are  discussing  the  production  of  it. 


234 


nte  instrtamt  is  called  Hultiscan  (another  nulti)  and  allows  a 
nimber  of  participants  to  study  the  sam  pair  of  aerial  photographs 
stereoscopically  and  to  see  any  delineation  of  lines  or  annotations  made 
by  any  of  the  other  participants.  Iliis  technique  has  great  potential 
for  small  groi^  student  discussion  or  for  d^ionstration  and  instruction 
to  student  groups.  For  exaiq>le»  in.  small  group  discussions,  five  students 
and  an  instructor  may  be  interpreting  vegetati<m  types  before  going  to 
the  field.  They  sit  at  their  individual  tables  discussing  the  boundary 
lines  to  be  drawn  aroimd  homogeneous  types.  One  student  draws  in  a 
polygon  which  all  other  students  and  the  instructor  readily  see  and  can 
make  a judgement  on.  They  then  critique  the  interpretation  and  draw  in 
alternate  lines  if  they  differ. 

This  is  an  advancement  in  the  training  of  students  in  aerial  photo 
interpretation,  since  up  to  this  time  only  two  persons  could  study  the 
same  stereopair  and  reference  positions  within  the  3-D  model.  This  is 
now  accomplished  using  a dual  Old  Delft  Scanning  Stereoscope,  a Condor 
T-ZZY  Dual  Stereoscope  or  a Lietz  Double-Reflecting  Stereoscope,  all 
instruiTtents  of  which  are  generally  available. 

Other  Possibilities 

Other  developments  which  might  affect  instructional  technology  are: 
holography,  which  could  make  possible  many  3-D  forms  of  media;  lasers 
which  could  provide  greater  amounts  and  rates  of  data  transmission;  and, 
microform  which  could,  in  the  not  too  distant  future,  store  20,000 
volumes  on  an  8"  x 10"  sheet  (ref.  27) . 

Miller  (ref.  28)  and  Beckwith  (ref.  27)  also  note  the  needs  or 


hopes  for  other  new  products: 


1.  An  ine^qpensive  Mitomted  carrel  tirtiich  contains  audio  and  visual 
texsi'aals  to  computers*  and  a light  pen  with  CRT, 

2.  k portable  micro film  reader. 

3.  An  autcmted  carrel  in  a briefcase  which  contains  a TV  screen, 
light  pen,  micira>opticaI  infonatimi  storage  file,  r^>te  TV  camera  and 
tripod,  teletype  keyboard,  touchtone  keyboard  and  telephone. 

4.  Optical  print  reader  udiich  could  read  many  fonts  of  type  frm 
books  and  digitally  store  the  entire  book  on  computer. 

5.  (hi- line  electronic  blackboard  idtlch  enlarges  displays  of  a 
coqniter  output. 

6.  Home  cartridge  video-tape  player  and  recorder, 

7.  High  quality  copying  at  $.01  per  page  or  less  in  black  and 
white  or  color. 

8.  Large  screen  TV  displays. 

9.  Combination  TV  and  iwjtion  picture  projectors. 

10.  Long  lasting  inexpensive  battery  powered  TV  receivers. 

11.  Rapid  Inexpensive  copying  of  video  tapes. 

12.  anall,  battery  operated,  two  way  telephones. 

13.  Use  of  microfilm  technology  to  provide  random  access,  large 
capacity  slide  projections. 

14.  TV  screens  which  can  retain  an  image  without  regenerating  the 
signal. 


TRENDS  IN  INSTRUCTIONAL  TECHNOLOGY 
Gerald  Brong,  Instructional  Technologist  at  Washington  State 
University,  related  to  me  recently  some  of  the  trends  in  Instructional 
Technology. 
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1.  H»  we  going  beck  to  tlne«<tependence  in 

oftfer  to  get  the  interaction  of  students  with  students.  In  such  education 
tiie  students  tfoisld  meet  a ainimim  core  curriculum  idiich  is  evaluated  by 
instructors. 

2.  There  is  a trend  toward  more  software  packages  used  by  the 

universities, 

3.  There  is  generally  better  access  to  audio  and  visual  iwdia. 

4.  Instructional  design  systems  and  audiovisual  equipment  are 

becoming  more  centralized. 

5.  At  many  universities,  semi-official  faculty  groups  have  organized 
with  the  purpose  of  i^roving  instruction. 

6.  The  trend  in  materials  is  toward  35nun  slides  and  sound,  especially 
3Smm  p»>}ectors,  tq[>e  recorders,  and  also  16!»b  film.  Approximately  $730 
million  was  spent  in  1976  on  2”  x 2”  slides  in  the  United  States  and  slides 

are  one  of  the  fastest  growing  media  today  according  to  Hope  Reports,  Sept.  1977. 

ADVANTAGES,  LIMITATIONS  AND  USES  OF 
MEDIA-AIDED  TEACHING 

I would  like  to  briefly  discuss  the  advantages,  limitations,  and 
uses  of  the  devices  we  use  to  aid  in  teaching  and  learning.  Most  of  us 
are  familiar  with  those  devices  we  generally  call  audiovisual  aids,  but 
have  we  really  taken  the  opportunity  to  learn  when  to  and  when  not  to 
us#  them,  and  how  to  use  th«n  properly,  ^ch  information  Is  available 
on  these  media,  some  of  the  better  texts  are  reference^  1,  12,  29,  30, 
and  31.  A list  of  various  media  materials  and  equipment  is  given  in 
^pendix  B and  sources  for  these  are  included  in  Appendix  C. 

There  was  insufficient  time  to  survey  the  entire  remote  sensing 
community  to  determine  the  extent  of  use  of  media-aided  teaching.  The 
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questionnaire  handed  <mt  (hiring  this  conference  should  enlighten  us 
sore. 

Overhead  Projectors  and  Transparencies 

Advantages 

The  overhead  with  transparencies  is  a very  sinple  device  to  operate 
and  the  instructor  can  maintain  contact  and  rapport  with  both  large  and 
small  groups.  It  is  much  easier  to  write  on  transparency  material  than 
on  the  blackboard  and  in  contrast  to  slides,  appropriate  material  can  be 
prepared  in  a very  short  time  at  short  notice.  The  overhead  can  also  be 
used  well  in  a lighted  room. 

Limitations 

There  are  no  major  limitations  of  the  overhead  projector,  only 
minor  problem  areas  which  the  instructor,  being  aware  of,  can  easily 
overcome.  Some  of  these  are:  proper  positioning  of  the  projector, 

availability  of  the  projector  when  needed,  and  over-reliance  on  the 
projector  and  materials  presented  with  it. 

Uses 

Loy  (ref.  32)  reported  on  the  use  of  glass  diapositives  with  an 
overhead  projector  for  use  in  geography  classes.  Of  course  any  transparent 
image  can  be  used,  and  this  is  especially  appropriate  to  remote  sensing 
where  we  may  have  many  such  images— U-2,  LANDSAT,  CIR  resource  images-- 
to  discuss  in  a classroom  or  individual  group  situation. 

One  other  use  of  the  overhead  dawned  on  me  just  recently  while 
preparing  this  paper.  I have  worked  with  35mm  stereo  projection  systems 
for  ten  years  and  have  always  had  to  make  35mm  slides  of  the  larger 
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fonnat  305  x 305an  (9  x 9- inch)  transparency  or  opaque  in  order  to 
project  it  to  an  entire  class  in  stereo.  Why  not  use  two  overiiead 
projectors  with  polarized  filters  instead  of  SSnaa  projectors  for 
large  format  transparencies?  So  I attenqited  it,  and  it  worked! 

->not  without  some  difficulty  though.  The  lenses  of  the  projectors 
must  be  matched;  the  projectors  should  be  put  as  close  to  one  another 
as  possible,  parallel  and  projecting  the  image  perpendicular  to  the 
screen  without  keystoning;  and  the  Images  need  to  be  masked  to  subdue 
all  superfluous  light.  It  takes  some  patience  to  register  the  images, 
as  any  movement  in  one  direction  of  the  image  on  the  projector  causes 
a reverse  moven^nt  on  the  screen.  With  polarized  filters  on  the 
projector  lenses  oriented  at  90®  from  one  another  and  viewing  with 
complimentary  filtered  polarized  glasses  the  3-D  image  is  marvelous. 

A viewer  can  stand  within  inches  of  the  screen  if  necessary  to  stud^ 
the  scene.  This  has  potential  for  further  development. 

35mm  and  Lantern  Projectors  and  Slides 

Advantages 

Pictures  are  a powerful  tool  in  learning  and  can  truly  say  more 
than  a thousand  words.  They  are  very  good  for  visual  identification. 
Projectors  and  slides  are  relatively  inexpensive,  especially  35mm,  and 
are  generally  available.  They  can  be  used  in  small  or  large  groi^ 
situations.  They  can  be  combined  in  multiples  and  used  with  many  other 
media. 

Limitations 

Probably  the  greatest  disadvantage  to  slides  is  over-reliance  on 
them  in  a classroom  situation  because  they  are  good  "fillers"  and  "attention 
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getters."  Ihis  media  also  requires  a darkened  room  in  many 
cases t Mid  therefore  precludes  the  taking  of  notes,  either 
because  it  is  dark  or  because  the  student  is  asleep.  Finally, 
slides  are  not  the  best  medium  for  developing  desirable  attitudes 
or  opinions,  as  shown  by  some  studies. 

Uses 

The  slide  has  one  of  the  highest  uses  of  any  medium  in  remote 
sensing.  Since  the  camera  system  is  a remote  sensor,  the  use  of  images 
taken  by  this  system  is  natural  for  presentation  and  discussion  and  I 
would  venture  to  say  it  is  used  extensively  in  every  remote  sensing 
course  taught. 

The  slide  and  projector  are  commonly  used  both  in  the  classroom- 
lecture  situation  and  in  the  multimedia,  self-instruction  situation.  One 
of  the  most  useful  techniques  involving  the  slide  is  in  a 3-D  mode. 

This  involves  simply  the  use  of  two  projectors,  a polarized  or  anaglyphic 
filtering  system  and  a silver  lenticular  screen.  Such  systems  are 
described  in  most  photogrammetry  texts  and  also  in  an  article  by  Kiefer 
(ref.  33) . Ralph  Kiefer  related  to  me  that  he  has  had  more  requests  for 
his  article  on  "Classroom  3-D  Projection  of  Landform  Photography"  than 
most  of  his  other  published  articles  and  that  many  requests  are  coming 
from  foreign  countries  and  the  medical  and  dental  fields. 

The  slides  for  a 3-0  system  are  relatively  easy  to  take,  either  of 
an  original  scene  or  of  existing  aerial  stereopair.  Professor  William 
Hall  of  the  University  of  Idaho  has  been  working  on  a color  oblique 
stereo  aerial  photo  (COSA)  system  for  over  20  years.  He  has  published  a 
guide  to  the  making  of  these  photographs  (ref.  34)  and  has  developed  a 
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motorized  3-D  projector  platform.  Professor  Hall  has  developed  one  for 
us  in  the  College  of  Forestry,  one  for  the  EROS  Data  Center  and  others. 

One  of  the  earliest  3-D  projector  stands  was  developed  by  Professor 
Kenneth  Jackson  in  about  1952  and  is  listed  as  one  of  the  training  aid 
devices  by  Colcord  (ref.  35).  I used  the  Jackson  stereoviewing  device 
in  about  1969  at  the  University  of  Minnesota  for  a basic  course  in 
aerial  photo  interpretation.  It  was  especially  valuable  for  introducing 
stereoscopy  to  the  students.  Jackson's  model,  at  that  time,  did  not 
have  motorized  drive  for  X,  Y and  ^ motions  but  that  may  not  be  an 
absolute  necessity. 

Tape  Recorders  and  Recordings 

Advantages 

Tape  recorders  and  recorded  tapes  are  relatively  cheap,  easy  to  use 
and  readily  available.  They  offer  the  opportunity  to  be  in  two  places 
at  once,  to  record  significant  events  for  future  use  and  to  bring  in 
guest  lecturers,  at  least  their  voices.  One  of  the  best  advantages, 
often  overlooked,  is  the  use  of  the  tape  as  a diagnostic  tool  for  helping 
to  improve  one's  speech.  Speech  compression,  another  advantageous 
feature  of  audio  tapes,  is  often  overlooked,  yet  we  could  all  use  it, 
except  possibly  for  Bob  Colwell. 

Limitations 

The  tape  recorder  is  a little  more  complicated  than  an  overhead 
or  35-mm  projector  and  the  untrained  operator  can  damage  either  the 
machine  or  the  tape  recording.  Many  students  find  it  difficult  to 
listen  to  a tape  by  itself  and  more  than  often  desire  a visual 
presentation  to  go  with  it.  Locating  specific  points  or  places 
on  a tape  can  be  frustrating. 
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Uses 

Hie  use  of  tapes  in  r^ote  sensing  are  mainly  in  conjunction  with 
slides  for  self>paced,  self- instruction  programs.  Tapes  are  used  in  the 
programs  developed  at  Idaho,  Minnesota,  Oregon,  Purdue,  EDC,  and  the 
Technology  Applications  Center. 

Motion  Picture  Film  Projectors  and  Films 

Advantages 

Motion  pictures  can  accurately  capture  the  visual  scene  for  later 
presentation  and  are  especially  good  for  depicting  important  events. 

They  can  provide  more  relevance  for  the  student  if  the  film  displays 
real  life  events  or  on-the-job  scenes.  The  film,  especially  with  sound, 
can  extend  the  classroom  situation  and  take  a student,  for  example,  on  a 
remote  sensing  aerial  mission.  Films  can  be  easily  integrated  into  most 
courses  and  if  properly  scheduled  can  provide  a motivating  and  learning 
experience  for  the  students.  It  has  been  calculated  that  the  retention 
rates  for  different  channels  of  information  are:  reading  - 10%;  hearing 

18%;  seeing  - 25%;  and  seeing  and  hearing  48%  (Gillett  1973),  which 
would  indicate  that  films,^  television  and  multimedia  would  have  advantage 
in  this  respect. 

Limitations 

Motion  picture  films  are  expensive  to  produce.  Because  of  this  a 
limited  number  are  produced  in  anyone  field  by  a certain  group  or 
producer  of  films.  As  much  as  the  producer  may  try,  he  cannot  make  the 
film  applicable  to  every  situation  and  therefore  many  instructors  do  not 
use  films  because  they  feel  a particular  film  is  not  appropriate  for 
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their  eltuation.  Union  tho  film  topic  covert  very  basic  siOiJect 
natter,  the  film  soon  becones  outdated. 

Other  problMM  with  motion  picture  films  relates  to  their  use  by 
the  instructor.  They  can  be  expensive  to  use  if  the  instructor  must 
purchase  or  rent  the  filin.  using  his  limited  budget  to  do  so.  In  presenting 
the  film,  the  instructor  nay  run  into  more  problras  than  with  other 
media.*  the  film  and  projector  may  be  difficult  to  schedule,  the  projector 
may  be  a nuisance  to  set  up  and  it  is  a little  more  c<^licated  to 
operate  than  an  overhead  or  slide  projector.  The  film  should  also  be 
previewed  by  the  instructor,  which  takes  time,  and  an  app7*opriate  lesson 
plan  or  quest ion/ answer  sheet  prepared  to  aid  the  stiaient  in  learning. 

The  film  cui,  and  many  times  is,  used  to  fill  time. 

Uses 

Ihe  notion  picture  film  medium  is  used  in  many  courses  in  remote 
sensing  and  there  are  a limited  nusd>er  of  films  specifically  m resets  sensing 
available.  The  EROS  Data  Center  has  the  greatest  number  of  such  films  on  the 
subject.  Known  film  suppliers  are  listed  wider  sources.  Colcord  (ref.  35} 
lists  other  sources  prior  to  196S,  especially  for  films  on  photogrammetry. 

Educational  and  Instructional  Television 

Advantages 

Many  of  the  advantages  of  the  other  iwsdia  mentioned  apply  to  television. 
In  addition,  television  can  reach  larger  gitiups  of  people  than  even 
motion  picture  films.  Live  (real  time)  television  can  provide  an 
immediacy  which  no  other  media  can.  Television  can  bring  to  the  student 
many  experts  and  instructors  who  would  not  otherwise  be  available. 
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Liaitations 

As  with  the  advantages « the  liaitat^«ms  of  many  other  aedla  also 
apply  to  television.  In  addition  small  TV  screens  can  be  a hindrance  to 
large  audience  viewing  and  the  resolution  capabilities  of  TV  may  be  less 
than  other  aedia.  Educational  and  instructonal  TV  is  usually  limited 
(at  this  time)  to  black  «id  white,  idtereas  the  other  media  generally  use 
color.  TV,  maybe  more  so  than  other  aedia  because  of  its  familiarity, 
can  promote  passivity  in  the  student  and  the  active  interaction  of 
learning  is  lost. 

Uses 

Closed  circuit  educational  TV  (CCTV)  is  very  cMaon  in  colleges  and 
universities  around  the  country.  As  far  as  is  known  there  are  no  remote 
sensing  courses  taught  strictly  by  CCTV.  Television  though  is  used  to 
aid  in  the  instruction  of  courses,  and  in  one  case  to  present  an  entire 
course.  Dallas  County  CoBammity  College  has  developed  a credit  remote 
sensing  shortcourse  called  "Earth,  Sea,  and  Sky"  which  utilizes  video 
tapes  and  a workbook.  Purdue  uses  video  in  their  programs  and,  according 
to  Nike  Inglis,  the  Technology  Applications  Center  is  investigating  the 
possibility  of  using  TV.  Colorado  State  videotapes  its  photograranetry 
classes. 

The  EROS  Data  Center  recently  gained  the  capability  of  viewing 
their  image  processing  immitors  (Image  100,  IDIMS,  ISI  170)  from  a 
classroom  situation.  The  video  signal  is  picked  up  directly  from  a 
particular  monitor,  converted  to  a composite  signal  in  color  and  sent  by 
video  cable  to  a classroom  21"  color  monitor.  The  instructor  in  the 
classroom  has  intercom  to  the  instrument  operators  to  make  it  somewhat 
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an  inttTMtiva  ayttM  iriileh  couid  tw  mry  tittftil  fcnr  tnadiing  amll 
cla«a«f. 

lYia  BiU)S  teta  Cantar  haa  maarmis  S/4**  vlMo  caatatta  pragraM 
availabla  irtiich  thay  will  Ai^lieata  tot  myom  aanding  a blank  vidaa 
caaaatta.  Piir^  tiaaa  vidaot^wa  in  tiiair  eontiiwlng  aducatim  pragma. 

Gwwwtar  /Ualatad  Xnatractloii  (CAl) 

Advantaaas 

In  eontnat  to  hunana,  tha  co^putar  navar  gata  tlrad.  diatnetad, 
angry,  aareastic,  ia|)atiant  or  fojgatftil,  tmlaaa  a hunan  builda  thaaa 
qiialitiaa  Into  it.  Hia  co^putar  can  aeconaodata  luuiy  ttudanta  at  cmca, 
■aking  tha  student  feal  like  ha  haa  aonaona's  paraonai  attention. 

Tha  coaster  can  service  nany  sti^ents  sumy  ailaa  way  throu^  tiM  use 
of  tanainals  and  comact  iinaa.  Tha  computer  can  relieve  an  inatructor 
of  nany  tasks  and  can  parfon  certain  fimetiMis  with  lass  error  and  aora 
spaed  than  a htsMn  instructor. 

Liattations 

Coaputers  are  vary  expansive  uut  tha  cost  par  student  credit  hom* 
is  still  as  high  as  any  traditionally  taught  course.  Initial  prograaaing 
for  a course  is  very  dosMnding  and  usually  t^as  aora  tiaa  thm  any 
other  course  preparation.  Tha  coaputar,  like  aany  other  devices.  c«i  be 
relied  on  too  heavily.  Oattingar  (ref.  36)  has  an  extensive  list  of 
criticisas  of  tha  cosq^^tcr,  too  extensive  to  amwerata  hare. 

Uses 

As  far  as  is  kr^nm  cix^putars  are  not  used  in  tha  instructional 
technology  smse  in  raaote  sensing  ^iKation.  Of  cmirsa  co^suters  are 
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used  extensively  in  m»te  sensing  edittsticm  t^suse  of  the  nsture  of 
the  discipline  which  requires  the  nuiipulstimi  of  Urge  swmnts  of  dsts. 
Since  Miputers  wm  s nonntl  pert  of  awiy  progress  in  imote  sensing,  it 
%Kmld  not  be  s difficult  trsnsitimi  to  iwdce  instructors  end  students 
awere  of  mmI  use  the  instructional  technology  uses  of  the  eonputer. 

Froirans^  Instn^tion 

Progranted  instruction  incliales  Mteriels  end  in  s«nm  cases  a 
teaching  nachine  idiich  presmts  the  prograa.  The  Machine  siapiy  gives 
the  student  access  to  the  naterUl  and  controls  the  advancesMtit  of  the 
Material  based  on  the  student’s  response.  Ibis  type  of  instructiem  is 
usually  related  to  CAI. 

Advantaiet 

Ihe  student  can  Move  at  his  own  pace  mi  knows  his  progress  at  all 
tines.  The  prograsiaed  Mterial  is  usually  designed  to  follow  a logical 
sequence  and  therefore  the  student  does  also.  Prograsssed  nterial  uses 
a variety  of  aedia  which  can  be  aore  stlaulating  for  the  student. 

Lialtations 

Prograaned  instruction  is  not  easily  adapted  to  learning  which 
requires  feeling  or  enotions,  although  this  aay  not  be  a concern  for 
aost  scimees.  Soae  progruis  can  be  rather  dull,  especially  for  the 
brighter  students.  Prograaaed  aaterials  can  be  expensive  and  very  tiae 
constwing  to  prepare. 

Uses 

ProgrMMed  aaterials  are  plentiful  in  the  field  of  education  in 
general,  but  are  lacking  in  the  rwaote  sensing  field.  There  are  only  a 

few  generally  available  to  the  profe«iion-"those  tdtich  can  be  purchased 
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St  IHirdue  and  the  Technology  ^plications  Center.  There  are  locally 
produced  prograas  like  Paine's  and  Ulliaan's.  and  possibly  nore,  but 
these  way  not  be  suitable  for  direct  use.  A set  developed  by  Ulliaan 
was  sold  to  the  University  of  Washington  and  another  loaned  to  North 
Idaho  College,  but  it  was  recoamended  they  not  be  used  directly  in  their 
courses:  rather,  they  could  best  serve  the  purpose  by  being  guides  for 
the  developaent  of  local  aaterial  suited  to  the  instructor  and  the 
course. 

FOOT-FOR-THOUGHT 

Based  on  the  background  gained  in  writing  this  paper  and  the  status 
of  aultimedia  in  remote  sensing,  I would  like  to  provide  some  food  for 
thought  to  get  us  thinking  about  multimedia  needs  and  means  of  obtaining 
those  needs  before  the  week  is  out. 

1.  There  are  apparently  significant  advantages  of  using  instructional 
technology  in  remote  sensing.  In  fact  we  already  use  much  of  the  hardware 
and  software  normally  associated  with  instructional  technology  and  yet 
there  is  a lack  of  the  pedagogical  aspects  of  instructional  technology 
used  in  remote  sensing.  Therefore,  there  seems  to  be  a great  potential 
for  increasing  the  use  of  instructional  technology  in  our  field. 

2.  Most  uses  of  instructional  technology  are  by  individual  instructors 
who  have  the  incentive  to  find  funding  and  develop  the  programs.  There 

is  no  organized  effort  to  determine  the  present  status  and  needs  of 
remote  sensing  educators  and  assist  them  in  finding  funding  or  audio- 
visual material,  or  developing  necessary  programs. 
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Th«  one  group  Mhich  might  logically  do  this,  the  Committee  on 
Question  and  Interpretive  Skills  of  the  American  Society  of  PhotograiMMtry 
(ASP),  is  not  equipped  with  either  manpower  or  funding  to  accomplish 
such  a task.  The  three  subcommittees  of  the  group.  Textbooks,  Instructional 
Materials,  and  Educational  Programs,  have  just  gotten  off  the  ground  in 
the  last  few  years  and  have  had  some  notable  accomplishments  in  the  fotm 
of  surveys  an<^  published  articles,  a number  of  which  are  in  the  March 
1977  issue  of  Photogrammetric  Engineering  and  Remote  Sensing. 

The  Instructional  Materials  subcommittee  recently  surveyed  the  need 
for  and  possible  methods  for  exchanging  slides  among  interested  members. 
They  found  little  agreement  on  either:  (a)  how  a slide  exchange  program 

might  be  conducted  or,  (b)  what  types  of  materials  would  be  appropriate. 
Slide  exchange  programs  do  not  seem  to  be  a solution. 

3.  The  National  Aeronautics  and  Space  Administration  (NASA)  or  the 
EROS  Data  Center  (EDC)  either  directly  or  through  some  other  facility, 
e.g.  the  Technology  Applications  Center,  could  provide  assistance  in 
this  area  in  possibly  a number  of  ways  such  as: 

a.  Direct  financial  assistance. 

b.  Materials,  facilities,  manpower  assistance. 

c.  Development  of  fairly  standardized  hardware  or  software  to  be 
made  available  at  a nominal  fee. 

d.  Initial  development  assistance  with  publishers  and  other  producers 
of  educa  ional  material  to  develop  programs  and  materials  to  be  made 
available  at  a reasonable  cost.  Educational  technology  may  be  one  area 

in  remote  sensing  that  meets  the  maturity  test  for  private  enterprise  to 
pursue  (ref.  37). 
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e.  Production  and  annotation  of  broadly  applicable  materials  which 
are  most  appropriate  to  that  agency.  For  example,  NASA  develops  slide 
tape  programs  of  the  LANDSAT  and  U-2  programs  and  makes  these  available 
to  educators  at  a minimum  over-cost  fee. 

4.  Many  more  books  on  remote  sensing  are  becoming  available.  We 
might  encourage  the  authors,  through  an  established  group  like  that  men- 
tioned above,  to  also  develop  workbooks,  programmed  instruction,  35mm 
slides,  overhead  transparencies,  slide/tape  programs  or  other 
audiovisual  material.  This  could  be  done  through  monetary  or 

other  assistance. 

5.  Once  instructional  technology  needs  are  defined,  then  problem- 
solving, instructional  technology  techniques  need  to  be  correlated  with 
the  needs  and  communicated  to  instructors.  At  the  same  time,  instructors 
should  be  encouraged  to  examine  their  present  teaching  methods  and 
consider  other,  possibly  more  efficient  ways  of  teaching  and  helping 
students  to  learn.  This  could  be  done  by  the  ASP  Committee  on  Education 
and  Interpretive  Skills  if  it  is  given  sufficient  support.  One  of  the 
goals  of  this  committee  now  is  to  encourage  and  assist  in  the  development 
of  teaching  instruments  and  devices  (ref.  38) . With  the  necessary 
assistance  they  could  develop  high  quality  instructional  material  and 
demonstrate  it  at  conventions  like  the  American  Society  of  Photogrammetry' 
annual  convention.  The  committee  might  also  consider  conducting  a 
shortcourse  to  assist  instructors  in  identifying  and  using  the  appropriate 
instructional  technology. 

6.  Miller  (ref.  28)  noted  that  no  computer  had  been  specifically 
designed  for  educational  needs,  except  possibly  the  ILLIAC  computer 


because  of  its  pattern  recognition  capabilities.  Access  to  the  ILLIAC 
or  ARPANET  would  be  advantageous  for  teaching  remote  sensing  at  educational 
institutions  although  most  could  not  afford  to  pay  for  the  con^lete  line 
charges  and  computer  time.  Some  consideration  should  be  given  to 
assistance  in  this  area. 

7.  Very  few  of  us  can  take  the  time  or  effort  to  become  an  expert 
in  instructional  technology  or  even  in  a major  aspect  of  it,  such  as 
programmed  instruction.  That  is  why  there  are  people  at  most  colleges 
and  universities  who  may  go  by  the  title  "instructional  technologist"  to 
assist  instructors  in  developing  appropriate  instructional  programs  for 
their  courses.  I recommend  we  contact  these  specialists  to  learn  what 
we  can  do  to  become  better  teachers. 

There  are  many  other  possibilities  which  we  may  develop  during  this 
conference.  This  is  a beginning  and  I am  hopeful  that  something  very 
useful  will  evolve. 

The  world  stands  out  on  either  side 
no  wider  than  the  heart  is  wide; 

Above  the  earth  is  stretched  the  sky, 
no  higher  than  the  soul  is  high. 

Edna  St.  Vincent  Millay  ("Renascence  1917") 

f 
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Table  1.  Comparative  Instructional  Costs  Per  Student  Hour  of  Credit 
for  50  Students  and  150  Credit  Hours  (from  Brooks  and  Leth, 

ref.  14) . 


Model 

Cost 

($) 

Co$t($)/Sttulent  1 

Credit  Hour  | 

Traditional 

1 

Professor  (6  hr  load) 

5580 

37.20  1 

Assoc,  Prof.  (6  hr  load) 

4490 

29.90  1 

Ass't,  Prof.  (6  hr,  load) 

3590 

23.80  1 

Teaching  Assistant  (6  hr  load) 

1700 

11.33  I 

J 

Nontradit tonal 

1 

CMI  or  CAI 

3000 

1700 

(computer 

(TA) 

31.33  1 

Mass  lecture 
and  TA 

600 

1700 

(Ass't.  Prof.) 
(TA) 

15.33  1 

Self-Instruction 
and  TA 

Students  buy  modules 
1133  (2/3  TA) 

7.55  1 

1 
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•Specified  goals  for  different  iMdia  techniques. 


Media  Technique 

Goal 

Books 

Knowledge,  critical  thinking 

Lecture 

Knowledge,  inspiration,  identification 
with  scholar,  critical  thinking 

Discussion 

Critical  thinking,  relate  knowlege 
to  attitude  change 

Guest  lectures 

Added  interest  and  information 

Films 

Material  more  concrete,  facilitates 
learning,  involves  motion,  interest 

Television 

Interest,  motion,  visual  details 

Slides 

Materials  greatly  enlarged,  interest 

Bulletin  boards,  displays 

Provide  opportunity  for  learning  at 
students  pace,  concrete  examples 

Recordings 

Auditory  experience 

Field  Trips 

First  hand  experience,  first  hand 
knowledge,  interest 

Laboratory 

First  hand  experience,  scientific 
method 

Study  guide,  workbooks 

Aid  organization  and  learning  of 
materials,  promote  application  of 
knowledge 

Periodicals 

Bridge  gap  between  classroom  and 
other  experiences 

Teaching  machines 

Learning  knowledge  and  skills, 
particularly  those  requiring 
repetitive  and  immediate  feedback 
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A UST  OF  MEDIA  - MATERIALS  AND  EQUIPMENT 


ReaiMttterUb 
and  Peopk 

PniKted 

Audio 

Printed 

Display 

khdtirUedia 

People 

Opaque  projection 

Lecture 

Hatii  card 

Bulletin  board 

Teaching  machine 

Book  format 

Events 

Overhead  tianspaiency  Record 

Textbook 

Enlarged  hinged  visuals 

Multi-media  kits 

Teaching  machine  fonnat 

Objects 

Filmstrip 

Cassette  tape 

Workbook 

Blackboard 

SBde,  tape  programs 

CoroputcT-asristcd  hrstruction 

Demonstntioos 

Slides 

Reel'tO'reel 

Study  guides 

Flannel  board 

Motion  pictuict 

Simulations 

8&  16  mm  film 

Hriodicals 

Photoprint 

ccnv 

Models 

MicroElm 

Computer  printer 

Charts 

Held  tfip 

Computer  CRT 

Graphs 

Spedmens 

Globes 

Laboratory 

Maps 
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SOURCES  FOR  EQUIPMENT  AND  MATERIALS 

For  most  hardware,  see  the  Audio-Visual  Equipment  Directory. 

1.  OVERHEAD  PROJECTOR  AND  TRANSPARENCIES 

lliere  are  many  source  guides  for  overhead  projectors;  one  of  the 
best  is  the  latest  Audio-Visual  Equipment  Directory.  Transparencies  for 
the  overhead  are  plentiful  at  the  elementary  and  secondary  school  level, 
and  in  some  subjects  at  the  university  level.  R.  R.  Bowker  Co.,  1180 
Avenue  of  the  Americas,  New  Vork,  N.Y.  10036,  publishes  an  "Index  to 
Overhead  Transparencies"  which  lists  18,000  transparencies.  As  far  as 
is  known  there  are  no  generally  available  commercial  transparencies 
covering  the  field  of  remote  sensing. 

2.  35MM  AND  LANTERN  PROJECTORS  AND  SLIDES 

•Canon  U.S.A.,  Inc.,  64-10  Queens  Boulevard,  Woodside,  NY  11377 

•Motiva,  Ltd.,  15S  East  SSth  Street,  New  York,  NY  10022 

•Realist,  Inc.,  Megal  Drive,  Menomonee  Falls,  WI  53051 

•Spindler  and  Sauppe,  Inc.,  1329  Grand  Central  Avenue,  Glendale,  CA  91201 

3-D  Projectors 

•DeHavilland  Aircraft  Co.,  Toronto,  Ontario,  Canada  (for  Jackson's  device) 

•Albion  Instrument  Co.,  2 Albion  Road,  Folkestone,  Kent,  England  (for  the 
Hawk  MK  VI  stere  projector,  $800;  individual  slides  are  not  adjustable) 

•Buhl  has  developed  a side  by  side  dissolve  base  system  which  might  be 
applicable  for  3-D  projection,  except  for  the  set,  short  focal  length 
lenses.  Buhl  Projector  Company,  60  Spruce  Street,  Paterson,  N.J.  07501 

Slides,  Slidesets  or  Slide/Cassette  Prograuns  Specific  to  Remote  Sensing 

•EROS  Data  Center,  USGS,  Sioux  Falls,  SD  57198  (slide-cassette  programs) 

•Continuing  Education  Administration,  116  Stewart  Center,  Purdue  University, 
West  Lafayette,  IN  47907  (minicourse  series,  slide/cassette  programs 
materials) 
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*Teehnology  Applications  Center,  llte  University  of  New  Mexico, 

Albuquerque,  87131  (slide  prograas  and  annotated  educational  slide  sets) 

*Pilot  Rock,  Inc.,  Box  ZZ,  Areata,  CA  9S521 

*Harper  uid  Row  Publishers,  Inc.,  10  E.  53rd  Street,  New  York,  N.Y.  10022 
(annotated  slides  with  booklet  on  satellite  views  of  vegetatim  and  luid  foras) 

*John  Wiley  8 Sons,  Inc.,  605  3rd  Street,  New  York,  N.Y.  10016 

*McGraw*Hill  Book  Coapany,  330  West  42nd  Street,  NY  10036 

*Audio>Visual  Instruaents,  6839  Quadapule  Trail  NW,  Albuquerque,  NM  87107 


May  be  appropriate  to  rwote  sensing 

*GE0-PUB  Media,  Tualatin,  OR  97062 

^Eastman  Kodak  Co.,  Motion  Picture  and  Education  Markets  Division,  343  State 
Street,  Rochester,  NY  14650 

*Wards  Natural  Science  Establishment,  Inc.,  3000  East  Ridge  Road,  Rochester, 

NY  14605 

*(kibbard,  2855  Shermer  Road,  Northbrook,  IL  60062 

3.  TAPE  RECORDERS  AND  RECORDINGS 

The  source  of  tapes  for  the  EDC,  Purdue  and  the  Technology  Applications 

Center  are  given  under  slide  sources.  For  tapes  in  general,  the  best 

reference  is  the  National  Audio  Tape  Catalog,  Department  of  Audiovisual 

Instruction,  National  Education  Association,  1201  16th  Street,  NW,  Washington, 

D.C.  20036. 

4.  MOTION  PICTURE  Fllil  PROJECTORS  AND  FllilS 

♦EROS  Data  Center,  USGS,  Sioux  Falls,  SD  57198  (Films:  numerous) 

♦Program  Development  Manager  (Edward  Zaitzeff)  Earth  Resources,  Bendix 
Aerospace  Systems  Division,  Ann  Arbor,  MI  48107  (Films:  "You  and  M-DAS" 

and  "The  World  of  Invisible  Color") 

♦Pacific  Southwest  Forest  and  Range  Experiment  Station,  1960  Addison  Street, 
Berkeley,  CA  94701  (Film:  "A  Certain  Distance") 

♦National  Film  Board  of  Canada  (Film:  "The  Forest  Watchers") 

♦U.S.  Agency  for  International  Development,  Department  of  State  (Film: 

"Images  of  Life" — a film  explaining  the  benefits  and  significance  of 
LANDSAT  to  the  layman) 

♦The  Information  Office,  U.S.  Geological  Survey,  Washington,  D.C.  20242 
(Films:  Five  films  on  Aerial  Photo  Interpretation) 
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5.  EDUCATIONAL  AND  I»»5TRUCTIONAL  TELEVISION 

*EROS  Data  Cantw,  Sioux  Falla,  SD  S719S  (ntaerous  3/4"  tapaa) 

*Continulng^  Education  Adainiatratimi,  110  Stewart  Center,  Pvdnhw  Univeraity, 
Neat  Ufayette,  IN  47907 

6.  COMPUTER  ASSISTED  INSTRUCTION 

Moat  people  are  aware  of  the  sourcea  for  the  coapitera  (hardware) 

and  they  are  listed  in  nuamrous  sources  including  Gerlach  and  Ely  (ref.  12). 

Those  saae  auuiufacturers  are  a point  of  contact  for  software  also. 

Other  contact  organizations  are: 

*Coi^ter  md  Inforauition  Science  Research  Center,  Ohio  State  University, 
Coliadnis,  Ohio  43210 

*Coa^terized  Courseware  Clearinghouse,  University  of  Wisconsin,  Green  Bay, 
WI  54302. 

7.  PROGRAMED  INSTRUCTION 

Teechina  Machines 

The  Audio  Visual  Equijment  Directory 

Prograwaed  Materials 

Many  publishers  as  listed  in  Gerlach  and  Ely  (ref.  12) 

*Carl  H.  Hendershot's  Prograamed  Learning.  A Bibliography  of  Prograaia 
and  Presentation  Devices,  Carl  H.  Hendershot,  Bay  City,  MI 

^Continuing  Education  Adainistration,  116  Stewart  Center  Purdue  University, 
West  Lafayette,  IN  47907 

*Technology  Applications  Center,  The  University  of  New  Mexico,  Albuquerque, 
NN  87131 
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FOOTNOTES 


1.  Personal  conumicatlon  with  Gerald  Brong,  Instructional  Technologist, 
Washington  State  University*  Pullnan,  Washington.  May  1978. 

2.  Personal  cosBunication  with  E.  M.  Gardiner,  Boeing  Corporation 
May  1978. 
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Computer  applications  to  instruction  in  any  field  may  be  divided  into  two 
broad  generic  classes:  computer-managed  Instruction  (CMI)  and  computer- 

assisted  instruction  (CAI) . The  division  is  based  on  how  frequently  the  com- 
puter affects  the  instructional  process  and  how  active  a role  the  computer 
takes  in  actually  providing  instruction.  Both  classes  have  been  used  in  many 
different  subject  areas  and  many  different  age  groups,  from  elementary  school 
reading  to  graduate-level  science  and  engineering  courses.  References  1 and  2 
discuss  various  aspects  of  computer  uses  in  education  in  much  more  detail. 

Although  the  author  is  not  aware  of  any  applications  of  either  CMI  or  CAI 
to  remote  sensing  education,  there  are  no  Inherent  characteristics  of  the  sub- 
ject which  preclude  use  of  one  or  both  techniques,  depending  on  the  computer 
facilities  available  to  the  Instructor.  This  paper  will  first  summarize  the 
characteristics  of  the  two  classes,  then  briefly  discuss  potential  applications 
to  remote  sensing  education,  and  advantages  and  disadvantages  of  computer 
applications  to  the  instructional  process. 


1.  Computer-Managed  Instruction 

In  CMI,  the  computer  is  not  used  to  directly  Instruct  the  student;  rather, 
the  computer  assumes  the  role  of  advisor  (or  overseer,  depending  on  the  amount 
of  coercion  the  system  may  employ).  Based  on  the  individual  student's  perfor- 
mance statistics  (topics  covered,  exam  and  quiz  scores,  etc.)  and  the  course 
performance  objectives  established  by  the  instructor,  the  computer  determines 
the  need  for  remedial  work,  the  possibility  of  skipping  detailed  coverage  of 
upcoming  topics,  and  subjects  to  be  covered  before  the  next  exam  (reference  3). 
This  determination  is  presented  to  the  student  as  a series  of  topics  to  be 
studied  in  a given  time  period,  say  the  next  week.  Periodically  (again  say, 
weekly),  the  computer  outputs  a summary  of  each  student's  progress  to  the 
Instructor,  allowing  him  to  pinpoint  students  in  serious  trouble  and  provide 
counseling,  or  to  Identify  students  making  rapid  progress,  who  are  perhaps 
candidates  for  advanced  or  additional  topics. 

CMI  may  be  Implemented  on  a batch  or  interactive  computer  system  of  vir- 
tually any  size  (microprocessor  to  mainframe),  although  an  Interactive  system 
allows  both  participants  In  the  advising  to  ask  for  clarification,  as  needed. 
The  advantages  of  CMI  Include  a more-or-less  Individualized  curriculum  for 
each  student,  as  well  as  the  detailed  knowledge  the  Instructor  gains  on  the 
status  of  each  student.  The  primary  disadvantage  Is  that  the  instructor  must 
break  each  course  into  a fairly  large  number  of  very  well-defined  instructional 
units,  establish  a prerequisite-sequel  relationship  among  the  units,  and  define 
criteria  by  which  a student's  progress  may  be  measured.  In  addition,  the 
instructor  must  program  (or  design  and  have  programmed)  the  advising  routine. 
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unless  S01M  general-purpose  CMl  program  exists  on  a computer  to  which  he  has 

access. 

Oil  may  be  used  alone»  but  it  is  frequently  used  in  conjunction  with  the 
other  generic  class,  computer-assisted  instruction. 


2.  Computer-Assisted  Instruction 

In  CAI,  the  compute.,  takes  an  active  role  in  educating  the  student.  The 
system  presents  information,  asks  questions,  judges  student  answers,  and  cor- 
rects wrong  answers.  CAI  systems  are  all  Interactive  systems,  in  which  the 
student  sits  at  a terminal  and  engages  in  a dialog  with  the  computer  system. 
There  are  three  dimensions  along  which  CAI  systems  may  be  further  subclassi- 
fied: (1)  type  of  computer  on  which  the  system  runs,  (2)  type  of  terminal  and 

input/output  (I/O)  devices  used  by  the  system,  and  (3)  type  of  dialog  between 
system  and  student,  l^t's  consider  each  dimension  in  turn. 

2.1  Tape  of  oomputer—  There  are  three  categories  of  computer  used  in  CAI 
systems:  large  mainframe  systems  capable  of  supporting  100  to  500  or  more 
simultaneous  users,  minicomputer-based  systems  capable  of  supporting  two  to 
100  simultaneous  users,  and  self-contained  single-user  systems  based  on  a 
microcomputer. 

Mainframe  systems  have  the  advantage  of  large  amounts  of  storage  and  pro- 
cessing power  available,  and  the  disadvantages  of  high  cost,  and  the  fact  that 
if  the  computer  goes  down,  all  users  are  inconvenienced.  Microprocessor-based 
systems  are  low  in  cost,  which  n»ans  that  several  can  be  purchased,  allowing 
continued  instruction  for  some  students  should  one  system  fall.  On  the  other 
hand,  microcomputer-based  systems  are  very  limited  in  terms  of  processing 
power,  memory  capacity,  and  long-term  storage  availability.  Minicomputer  sys- 
tems are  significantly  cheaper  than  mainframes  and  can  offer  nearly  as  much 
memory  and  long-term  storage  capacity.  They  offer  considerably  more  processing 
power  than  the  microcomputer-based  systems.  Unfortunately,  they  share  with 
mainframe  systems  an  inability  to  gracefully  degrade  services  in  case  of 
failure. 


2.2  Type  of  I/O  deviaes—  The  primary  I/O  device  in  any  CAI  system  is  the 
terminal  through  which  the  student  and  the  system  communicate.  Again,  there 
are  three  categories  of  terminal  suited  to  CAI  in  remote  sensing:  (1)  hardcopy 

output  with  keyboard  input  (e.g.,  teletype),  (2)  line-oriented  CRT  display  with 
keyboard  input,  and  (3)  raster  scan  graphic  display  (either  black  ana  white  oi 
color)  with  keyboard  input.  In  addition,  there  are  a number  of  special  I/O 
devices  which  may  supplement  the  basic  terminal.  Special  input  devices  include 
those  used  to  position  a cursor  or  select  from  a "menu"  of  actions  on  a CRT 
display  (light  pen,  touch  panel,  joystick).  Special  output  devices  Include 
computer-controlled  slide  projectors  and  various  voice  output  devices. 

Hardcopy  terminals  are  slow  and  relatively  noisy  compared  to  CRT  displays. 
Since  the  price  of  graphics  displays  (particularly  black  and  white  displays) 
is  now  much  closer  to  that  of  line-oriented  displays,  and  the  graphics  capa- 
bility greatly  enriches  the  dialog  between  student  and  system,  new  CAI  systems 
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which  ar«  being  purchsaed  or  developed  should  specify  graphic  CRT  displays  as 
the  principal  terminal  output  device.  Of  course,  color  CRT  displays  are 
ideally  suited  for  use  with  multispectral  image  data.  Either  type  of  graphic 
display  should  have  a minimum  resolution  of  256  x 256  points,  and  preferably 
512  K 512  or  1024  1024  points. 

With  regard  to  special  I/O  devices,  a joystick  or  trackball  is  very  use- 
ful for  cursor  positioning  for  some  remote  sensing  tasks  (e.g.,  reference  point 
selection)  and  would  be  equally  suited  for  computer-assisted  instruction  in 
those  tasks.  A computer  controlled  slide  or  microfiche  projector  would  have 
utility  in  instruction  in  activities  such  as  photo  interpretation.  In  addi- 
tion, any  other  peripheral  inptit  or  output  device  used  in  remote  sensing  appli- 
cations, such  as  a digitizer,  may  be  used  as  an  1/0  device  for  CAl. 

2.3  Type  of  dialog—  The  simplest  dialog  between  student  and  system  is 
drill  and  practice,  in  which  the  con^uter  asks  the  student  a number  of  short- 
answer  questions,  judges  and  criticizes  the  answers,  and  determines  the  diffi- 
culty and  subject  of  future  questions  based  on  the  student's  past  performance. 
Such  a dialog  makes  minimal  use  of  the  computer's  capabilities,  but  is  suited 
for  use  with  the  statistical  and  mathematical  skills  important  in  remote  sens- 
ing. In  fact,  CaI  systems  based  on  such  simple  dialogs  have  had  great  success 
when  employed  as  remedial  devices  to  Improve  mathematical  skills  (reference  4) . 

A second  type  of  dialog  is  an  inquiry  dialog,  in  which  the  student  asks 
questions  of  the  system  in  some  query  language,  the  system  calculates  (or 
searches  a data  base  for)  the  answer,  and  responds.  There  is  a tradeoff 
between  ease  of  use  by  the  student  and  complexity  of  the  CAI  system,  determined 
by  such  factors  as  the  query  language  (e.g.,  predicate  calculus  vs  natural 
language)  and  size  of  the  data  base.  Such  dialogs,  using  simple  natural  lan- 
guage input,  have  been  employed  in  teaching  subjects  such  as  geography  (ref- 
erence 5)  or  electronic  troubleshooting  (reference  6),  as  well  as  in  computer- 
managed  instruction  (reference  7).  An  inquiry  dialog  might  have  utility  for 
allowing  a new  student  in  remote  sensing  (say,  an  expert  in  urban  planning  just 
beginning  to  use  remote  sensing  techniques)  to  rea'i  a fairly  technical  overview 
of  the  subject  and  have  new  terms  and  concepts  explained  in  whatever  detail  he 
wishes. 

As  opposed  to  the  student  control  evident  in  an  inquiry  dialog,  a Socratic 
dialog  vests  control  of  the  dialog  in  the  computer.  The  system  asks  the  stu- 
dent a series  of  carefully  planned  questions,  each  dependent  on  the  student's 
previous  answers,  in  order  to  lead  the  student  to  discover  "by  himself"  the 
desired  concepts  and  conclusions.  While  such  a dialog  may  seem  an  ideal  vehi- 
cle for  teaching,  an  implementation  in  a CAI  system  requires  solving  a number 
of  complex  problems,  such  as  computer  understanding  of  virtually  unrestricted 
natural  language  input.  Consequently,  an  unrestricted  Socratic  dialog  is  not 
currently  a viable  CAI  technique,  although  such  dialogs  have  been  implemented 
in  well-defined  problem  domains  (reference  8)  and  research  is  continuing  in 
this  area. 

A type  of  dialog  which  is  eminently  suited  to  use  in  remote  sensing  edu- 
cation is  a simulation  dialog,  in  which  the  system  simulates  the  effects  of 
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the  student's  choice  of  parameters  on  the  final  outcome  of  a process.  For 
example,  a CAI  lesson  on  classification  of  LANDSAT  images  might  provide  the 
student  with  several  possible  choices  of  parameters  at  different  points  in  the 
process,  and  then  display  the  results  in  a classification  using  those  param- 
eters. There  is  seldom  enough  computer  power  available  to  allow  such  classifi- 
cation to  take  place  in  real  time,  but  by  prestoring  the  results  of  those 
classifications,  a CAI  system  can  simulate  allowing  the  student  to  experiment 
with  different  parameter  choices.  Such  sisnilation  dialogues  are  frequently 
coupled  with  inquiry  or  restricted  Socratlc  dialogs  to  greatly  enrich  the  edu- 
cational process  (reference  5). 

CAI  can  also  be  used  as  an  on-line  training  aid.  The  student  begins  a 
remote  sensing  process  Interactively  on  a computer,  and  when  he  reaches  a point 
of  uncertainty,  typing  HELP  on  the  terminal  enters  him  into  an  Inquiry  dialog 
explaining  the  pertinent  points,  and  perhaps  ev'>n  guiding  him  through  the  next 
few  steps.  At  any  point,  he  may  return  to  the  process  and  continue  unaided. 

A final  type  of  CAI  dialog  Is  one  between  the  system  and  instructor, 
rather  than  the  system  and  student.  The  purpose  Is  to  help  an  instructor  pre- 
pare exams,  either  for  administration  on-line,  as  part  of  other  CAI  activity, 
or  off-line,  In  a traditional  classroom  situation.  Such  automated  test  con- 
struction dialogs  employ  large  pools  of  short-answer  or  multiple  choice  ques- 
tions, as  well  as  problem  generators  of  varying  complexity. 


3.  Remote  Sensing  Activities  Suited  to  Machine-Aided  Instruction 

While  virtually  all  remote  sensing  activities  may  be  taught  using  some 
form  of  machine-aided  Instruction,  some  tasks  seem  more  naturally  suited  for 
certain  dialog  styles  than  others.  As  already  mentioned,  the  mathematical 
aspects  of  remote  sensing  and  statistics  are  well  suited  to  drill  and  practice, 
and  tasks  such  as  clustering  and  classification  of  Images  may  be  treated  via 
simulation  to  provide  the  student  experience  he  might  otherwise  not  obtain. 

With  the  addition  of  extra  I/O  devices,  activities  such  as  photo  Interpre- 
tation or  digitizing  may  be  taught  via  CAI.  Selection  of  ground  truth  areas 
or  reference  points  for  geometric  registration  may  be  done  if  the  display  is 
equipped  with  a light  pen  or  trackball.  For  some  of  these  tasks,  of  course. 

It  may  be  necessary  to  provide  additional  printed  material  which  Che  student 
will  use  during  his  terminal  session. 


4.  Advantages  and  Disadvantages 

As  with  the  use  of  any  technology,  there  are  advantages  and  disadvantages 
to  use  of  machine-aided  Instruction.  Not  the  least  of  the  disadvantages  is 
that  a certain  small  percentage  of  all  students  have  extreme  difficulty  becom- 
ing accustomed  to  the  machine,  and  never  receive  an  acceptably  high  level  of 
instruction  (reference  9).  On  the  other  hand,  in  a field  such  as  remote  sens- 
ing, where  computers  have  a large  Impact  on  the  actions  a student  will  cake  In 
performing  many  tasks,  it  is  Important  that  students  develop  an  early 
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familiarity  with  computers.  Using  computers  in  the  instructional  process 
Itself  is  a very  effective  way  of  fostering  that  familiarity. 

Other  disadvantages  of  machine-aided  instruction  are  that  it  is  time- 
consuming  to  Implement  CAI  material  (as  much  as  50-100  hours  of  preparation 
for  each  hour  of  student  contact,  depending  on  lesson-development  aids  avail- 
able) and  that  there  must  be  easy,  frequent  and  inexpensive  access  to  a com- 
puter system. 

The  advantages  of  machine-aided  instruction  are  that  the  material  devel- 
oped may  be  used  by  many  students  (serially  or  simultaneously) , that  the  pace 
of  Instruction  and  topics  taught  can  be  Individualized  to  a large  degree,  and 
that  certain  CAI  techniques  (e.g.,  simulation)  allow  a student  to  perform 
experiments  or  activities  which  he  would  not  be  able  to  otherwise. 
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A few  years  ago,  a paper  on  this  topic  would  have  had  an  ex- 
tremely abbreviated  section  on  textbooks.  There  still  is  consid- 
erable imbalance,  especially  since  technical  references  constitute 
a broader  category  which  includes  government  and  industry  manuals; 
but  the  number  of  textbooks  on  remote  sensing  and  photointerpreta- 
tion has  increased  substantially  in  recent  years.  Indeed,  there 
are  now  enough  books  in  print  that  to  attempt  to  comment  on  all 
of  them  as  well  as  technical  references  would  make  this  an  extreme- 


ly long  article.  Hence  each  author  comments  on  a few  selected 
works  in  his  category,  thv**  selection  being  based  on  personal  ex- 
perience and  choice.  Introductory  texts  on  remote  sensing  are 
discussed  by  Rudd,  tdvanced  remote  sensing  texts  by  Powden,  photo- 
interpretation  books  by  Colwell,  and  remote  sensing  technical  ref- 
erences by  Estes, 

The  bibliography  is  a selected  one  also.  Although  it  goes 
substantially  beyond  those  commented  upon  herein,  there  are  many 
useful  works  which  were  not  included  for  reasons  such  as  the  pro- 
portion of  the  work  devoted  to  remote  sensing.  No  attempt  at  all 


is  made  here  to  survey  individual  articles  in  the  periodical  lit 


erature;  their  numbers  are  legion. 
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Introductory  Remote  Sensing  Textbooks.  During  the  early 
1970s  as  courses  on  or  including  remote  sensing  began  appearing 
in  some  numbers,  books  on  the  subject  were  very  few  in  number. 
Instructors  were  relying  on  articles  in  journals,  government  pub- 
lications, industrial  advertising  material,  research  grant  re- 
ports, etc.  Almost  as  soon  as  it  appeared.  The  Surveillant 
Science  (ref.  A- 8)  quickly  became  the  commonly  used  text  for 
courses  being  offered  at  a variety  of  levels.  It  affords  breadth 
of  subject  matter  as  well  as  variation  in  technical  difficulty, 
being  comprised  of  many  articles,  the  majority  of  whiwh  previous 
ly  had  appeared  in  diverse  publications.  Holz  provided  an  organ- 
ized approach,  a grouping  of  articles  on  related  subjects,  and 
introductory  sections  to  tie  the  several  units  together.  It  is 
questionably  a beginner's  book,  although  the  publication  dates 
of  the  articles  do  reflect  a time  when  less  reader  background  was 
presumed,  a useful  feature. 

Two  more  books  which  have  enjoyed  wide  use  in  introductory 
courses  appeared  a year  later,  Rudd  (ref.  A- 27)  and  Estes  and 
Senger  (ref.  A-6).  Estes  and  Senger  also  is  a book  with  multiple 
authors;  however,  each  of  the  chapters  was  written  specifically 
for  this  book.  Moreover,  the  original  purpose  of  the  writing  was 
for  use  in  an  IGU  workshop  to  introduce  remote  sensing  to  meeting 
attendees,  so  it  was  intended  to  be  an  introductory  level  book. 

It  continues  to  enjoy  substantial  use  although  variations  in 
style  and  technical  level  of  the  chapters  are  found  objection- 
able by  some.  Rudd  has  the  least  depth  of  any  of  these  books  but 
perhaps  the  most  breadth,  extending  beyond  application  to  a 
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philosophical  consideration  of  iisplications.  Although  it  does  in- 
clude a chapter  on  principles,  it  was  intended  to  provide  a total 
overview  of  and  to  interest  the  reader  in  remote  sensing.  It  has 
been  used  most  successfully  as  an  introduction  to  the  technique. 

Everyone  * s Space  Handbook  (ref.  A- 11)  is  primarily  a photo 
imagery  source  manual,  although  the  first  half  of  this  paperback 
provides  an  intrc:i.uction  to  image  characteristics,  sensors,  sen- 
sor platforms,  and  imagery  types.  For  the  person  needing  speci- 
fics regarding  what  kinds  of  imagery  are  available  and  where  to 
obtain  them,  this  is  one  of  the  more  concise  references  routinely 
available. 

An  introduction  to  remote  sensing  which  focuses  on  technique 
principles  to  the  exclusion  of  application  is  available  in  Funda- 
mentals of  Electromagnetic  Remote  Sensing  (ref.  A-14).  The  phys- 
ical and  mathematical  principles  which  provide  the  foundation  for 
remote  sensing  are  given  rather  more  prominence  in  this  treatment 
than  in  many  other  introductory  books.  At  present  available  only 
as  a paperback,  an  expanded  version  of  this  book  with  a co-author 
is  to  become  available  in  the  near  future. 

Back  when  only  the  first  few  books  on  remote  sensing  were 
available,  many  questioned  whether  any  of  them  was  actually  a 
textbook.  One  effort  which  resulted  from  this  dissatisfaction 
was  the  c«>llaboratlon  of  over  20  authors  on  a book  sponsored  by 
the  National  Council  for  Geographic  Education  (ref.  A-26).  The 
book  is  intended  as  a text  rather  than  a reference,  and  it  is 
aimed  at  the  introductory  level.  A lab  manual  which  utilizes 
illustrations  in  the  text  also  is  available  although  the  textbook 


is  f«lf-coiitftined.  Renote  sensing  lab  exercises  and/or  lab  mat* 
trials  commonly  pose  a problem  for  people  setting  up  a new  course. 
The  January  1977  issue  of  the  Association  of  American  Geographers* 
Remote  Sensing  Comittee  (ref.  C-17)  publication,  RSEMS.  is  de* 
voted  to  lab  exercise  ideas  appropriate  to  introdurtory  courses; 
a few  lab  manuals  such  as  Lee  (ref.  A- 13)  and  one  from  Pilot  Rock, 
Inc.,  are  obtainable. 

There  are  several  other  books  including  some  recent  ones 
which  could  be  classed  as  introductory,  depending  upon  the  nature 
of  the  course  in  question.  Those  discussed  above , however,  in- 
clude the  books  which  have  been  most  used  in  the  past  five  years 
in  introductory  remote  sensing  courses  in  the  United  States. 

Advanced  Remote  Sensing  Textbooks.  The  American  Society  of 
Photogra^etry  (ASI^  has  produced  a series  of  advanced  manuals 
that  are  somewhere  between  textbooks  and  reference  manuals . The 
first  was  the  Manual  of  Photogrammetry  (ref.  B-22)  followed  by 
the  Manual  of  Photographic  Interpretation  (ref.  B-4).  The  Manual 
of  Color  Aerial  Photography  (ref.  B-20)  was  the  third  of  the  se- 
ries and  was  followed  by  the  two- volume  Manual  of  Remote  Sensing 
(ref.  A-23) . The  Manual  of  Remote  Sensing  is  being  revis>5d  to 
be  published  as  a second  edition  in  1981 . 

The  ASP  manuals  were  never  intended  as  textbooks  but  were 
sometimes  used  as  such  because  of  the  lack  of  comprehensive  texts. 
Often  instructors  choose  something  like  Interpretation  of  Aerial 
Photographs  (ref.  B-2)  as  a basic  text  with  supplemental  assign 
ments  in  the  above  manuals. 
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In  the  late  1960s  and  early  1970s,  several  specialf.zed  books 
appeared  such  as  Remote  Sensing;  With  Special  Reference  to  Agri- 
culture and  Forestry  (ref.  A-25);  Remote  Sensing  in  Ecology  (ref. 
A-10);  Aerial  Photo-Ecology  (ref.  B-10);  and  City  Planning  and 
Aerial  Information  (ref.  B-3),  to  name  a few.  Except  in  very 
specialized  courses,  the  above  books  were  usually  treated  as  the 
manuals  were- -as  supplemental  reading. 

During  the  last  half  of  the  1970s,  several  new  books  were 
published  which  are  specifically  aimed  at  advanced  classes.  Re- 
mote Sensing  for  Environmental  Sciences  (ref,  A-29) ; Remote  Sens- 
ing, Principles  and  Interpretation  (ref.  A-28);  and  Remote  Sens- 
ing of  Environment  (ref.  A-15)  are  three  examples.  A few  special- 
ized books  such  as  Remote  Sensing  in  Geomorphology  (ref.  A- 36) 
and  the  more  quantitative  approach  found  in  Remote  Sensing,  the 
Quantitative  Approach  (ref.  A- 34)  also  became  available. 

Most  advanced  texts  and  reference  books  are  multi-authored. 
Lintz  and  Simonett,  Swain  and  Davis,  and  all  of  the  ASP  manuals 
have  numerous  authors.  In  contrast,  Avery,  Sabins,  Howard,  and 
Branch  are  examples  of  single-authored  books.  Both  approaches 
have  advantages  and  disadvantages.  The  multi -authored  books 
bring  a wiver  range  of  knowledge,  experience,  and  information  but 
are  often  clipped,  distractive,  and  troublesome  for  the  student 
due  to  changes  in  writing  style  and  flow  of  communication. 
Single-authored  books  tend  to  be  better  organized,  consistent  in 
style,  but  may  be  shallow  or  lacking  in  specialties  other  than 
the  author's.  While  there  is  probably  no  solution  to  some  of 
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the  above  problems,  we  have  yet  to  try  the  two-  or  three-author 
comprehensive  text  that  may  fill  the  gap. 

Photo  Interpretation  Books.  Photo  interpretation  is  dealt 
with  to  a significant  extent  in  virtually  all  introductory  and 
advanced  remote  sensing  textbooks,  including  those  reviewed  in 
the  previous  two  sections.  This  is  explained  by  the  fact  that 
man's  use  of  the  term  "remote  sensing"  has  been  broadened  in  re- 
cent years  to  include  not  only  the  acquisition  but  also  the  anal- 
ysis of  remote  sensing  data,  including  photographs. 

The  Manual  of  Photographic  Interpretation  (ref.  B-4)  is  the 
only  comprehensive  book  on  photo  interpretation  per  se  that  ever 
was  written.  Despite  its  1,000-page  size,  it  has  been  used  very 
successfully  in  past  years  as  the  textbook  for  courses  in  photo 
interpretation.  Despite  the  fact  that  it  was  written  nearly  two 
decades  ago,  it  still  is  current  in  nearly  every  aspect  of  photo 
interpretation  except  that  dealing  with  the  optical  and  electron- 
ic enhancement  of  aerial  and  space  photographs  as  an  aid  to  their 
interpretation. 

The  decision  to  prepare  this  "first  comprehensive  treatment 
of  the  subject  of  photo  interpretation"  was  arrived  at  by  the 
American  Society  of  Photogrammetry  shortly  after  that  society 
took  the  lead  in  establishing  the  Commission  on  Photo  Interpreta- 
tion (Commission  VII)  within  the  International  Society  of  Photo- 
grammetry in  1952.  It  was  agreed  that  this  was  to  be  a truly 
international  textbook  or  manual  in  terras  of  the  contributions 
contained  in  it.  In  the  year  of  its  publication,  The  Manual  of 
Photographic  Interpretation  received  a prize  from  the  American 


Library  Association  for  being  one  of  the  '*best  technical  books 
of  the  year.'* 

Work  on  the  Manual  began  in  1955  and  was  culminated  with 
publication  in  1960.  More  than  100  distinguished  authors  contri- 
buted to  the  book,  all  of  them  without  remuneration.  To  the  con- 
trary, many  of  them  abandoned  their  plans  to  publish  a book  in 
their  own  right,  complete  with  the  royalties  that  would  be  real- 
ized by  their  so  doing,  in  order  to  contribute  to  the  Manual  of 
Photographic  Interpretation. 

The  first  three  chapters  of  the  Manual  are  introductory  in 
nature  and  deal  with  the  following  topics,  respectively:  I.  The 

Development  of  Photo  Interpretation;  II.  Procurement  of  Aerial 
Photography;  and  III.  Fundamentals  of  Photo  Interpretation. 

The  next  12  chapters  deal  with  applications  of  photo  inter- 
pretation in  the  following  respective  disciplines:  Geology, 

Soils,  Engineering,  Forestry,  Wildlife  Management,  Range  Manage- 
ment, Hydrology  and  Watershed  Management,  Agriculture,  Urban  Area 
Analysis,  Archaeology,  Geography,  Special  Forms  of  Photo  Inter- 
pretation. (Note  the  tendency  to  begin  with  the  barren  landscape 
by  having  the  geology  chapter  first  in  this  series,  then  the  veg- 
etated landscape,  and  finally  the  cultural  landscape.) 

The  concluding  chapter  of  the  Manual  deals  with  Education 
and  Training  in  Photo  Interpretation  and,  as  such,  contains  much 
material  which  still  is  of  sufficient  validity  to  merit  its  being 
brought  to  the  attention  of  the  CORSE- 78  attendees. 

An  initial  printing  of  10,000  copies  of  this  Manual  was  made; 
that  supply  was  almost  completely  exhausted  within  six  months. 
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with  the  rtsult  that  an  additional  printing  o£  S,000  copies  was 
made»  after  which  the  type  was  broken  down  at  the  request  of  the 
publisher.  While  this  book  is  currently  out  of  print,  college 
and  university  libraries  commonly  have  sufficient  copies  of  it 
on  reserve  bookshelf  to  permit  its  use  as  a supplemental  ref- 
erence for  basic  courses  and  also  as  the  primary  textbook  for 
smaller,  more  advanced  courses  in  photo  interpretation. 

One  of  the  most  commonly  used  textbooks  dealing  primarily 
with  photo  interpretation  is  Avery’s  Interpretation  of  Aerial 
Photographs  (ref.  B-2).  Although  it  is  by  no  means  as  comprehen- 
sive as  The  Manual  of  Photographic  Interpretation,  it  is  of  ap- 
propriate size  and  content  for  use  as  the  textbook  for  almost 
any  basic  course  in  photo  interpretation.  In  terms  of  subject 
matter  and  organization,  its  contents  are  similar  to  those  of 
The  Manual  of  Photographic  Interpretation.  Specifically,  while 
it  contains,  quite  appropriately,  a certain  amount  of  introduc- 
tory material  dealing  with  historical  aspects , means  for  procur- 
ing photography,  and  the  basic  principles  of  photo  geometry, 
stereoscopy , and  photo  interpretation  techniques , the  remainder 
of  the  book  is  discipline  oriented.  As  a result,  the  reader  can 
become  familiar  with  photo  interpretation  in  such  disciplines , 
chapter  by  chapter,  as  forestry,  range  management , agriculture, 
urban  area  analysis,  and  land  use  planning.  Representative  prob- 
lems at  the  end  of  each  chapter  add  to  the  book's  usefulness. 

The  National  Aeronautics  and  Space  Administration,  in  con- 
nection with  its  Earth  Resources  Survey  Program,  has  published 
several  books  that  satisfy  the  need  felt  by  most  photo 
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interpretation  teachers  for  nunerous  photographic  illustrations 
of  high  quality,  and  especially  in  full  color.  In  nost  instances 
the  photographs  appearing  in  these  NASA  books  are  fortified  with 
annotations  and  captions,  prepared  and  field-checked  by  highly 
competent  photo  interpreters,  thereby  making  the  books  largely 
self-sufficient  for  teaching  certain  important  aspects  of  photo 
interpretation.  Since  these  books  have  been  published  in  large 
quantities  by  the  Government  Printing  Office,  they  are  both  read- 
ily and  economically  available.  The  specific  types  of  photo- 
graphy that  are  primarily  dealt  with  in  these  books  are  indicated 
by  their  titles.  Included  among  them  are  the  following:  "Earth 

Photographs  from  Gemini  3,  4,  and  5"  (ref.  B-8);  "Monitoring 
Earth  Resources  from  Aircraft  and  Spacecraft --the  Apollo  9 Multi- 
band Photographic  Experiment"  (ref.  B-16);  "Mission  to  Earth: 
Landsat  Views  the  World"  (ref.  A-17);  and  "Skylab  Explores  the 
Earth"  (ref.  A- 33). 

Remote  Sensing  Technical  References.  As  stated  above,  this 
is  an  extremely  broad  area,  and  any  attempt  to  encompass  it  to- 
tally is  doomed  to  failure.  It  is  an  area  of  remote  sensing  lit- 
erature which  is  important,  however.  Indeed,  owing  to  the  nature 
of  the  development  of  the  field,  technical  references  have  played 
a key  role  in  the  dissemination  of  knowledge  concerning  advances 
in  basic  and  applied  research  techniques,  methodologies,  and  in- 
strumentation. 

In  the  early  1960s,  as  the  field  began  to  evolve  from  photo 
interpretation,  there  were  few  professional  publications  which 
would  accept  articles  on  the  subject  aside  from  Photogrammetric 
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Engineering  (ref,  C-8}»  the  house  organ  of  the  American  Society 
of  Photogrammetry.  Many  other  scholarly  journals  would  not  ac- 
cept articles  in  the  field*  considering  their  contents  too  ’’tech- 
nique-oriented.”  Happily,  in  many  disciplines  this  state  of  af- 
fairs has  begun  to  change  as  the  caliber  of  research  matures  and 
the  degree  of  interest  in  the  area  increases.  Nevertheless,  some 
vestiges  of  this  type  of  thinking  may  still  be  found  in  the  edi- 
torial policies  of  a number  of  professional  journals. 

Owing  to  this  lack  of  outlets  for  publication  of  research 
results,  technical  reports  and  symposia  began  to  play  an  impor- 
tant role  in  the  dissemination  of  information  concerning  progress 
in  the  field;  this  role  has  carried  forward  into  the  present  time. 
Researchers  learned  to  ’’get  on  the  lists,”  that  is,  to  write  to 
request  that  their  names  be  added  to  the  mailing  lists  of  univer- 
sities or  government  agencies  conducting  research  of  interest  to 
them.  Institutions  such  as  the  Forestry  Remote  Sensing  Laboratory, 
University  of  California,  Berkeley;  The  Center  for  Research  in 
Engineering  Science  (later  Center  for  Research,  Incorporated), 
University  of  Kansas;  Laboratory  for  Applications  of  Remote  Sens- 
ing at  Purdue;  and  the  Willow  Run  Laboratories  (now  Environmental 
Research  Institute  of  Michigan)  and  the  University  of  Michigan, 
to  name  some  of  the  leaders,  were  bombarded  by  requests  from  re- 
searchers . 

Today  this  is  still  an  excellent  way  to  keep  up  with  the 
field.  Because  the  lag  time  for  publication  in  refereed  journals 
is  typically  six  months  to  two  years,  in  some  cases  it  pays  the 
serious  researcher  to  write  for  the  technical  reports  from 
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individuals  conducting  research  of  particular  interest  to  him. 
Typically  these  individuals  are  more  than  willing  to  send  copies 
of  their  latest  works,  if  available.  The  only  drawback  to  this 
procedure  is  that  responses  to  such  requests,  understandably,  of- 
ten are  in  Xerox  form  without  original  illustrations. 

As  remote  sensing  began  to  grow  and  outlets  for  publications 
were  sought,  symposia  played  an  important  role  in  getting  the 
word  out.  The  Proceedings  of  the  Symposia  on  Remote  Sensing  of 
Environment,  now  the  International  Symposium  on  Remote  Sensing  of 
Environment  (ref.  C-11),  held  at  the  University  of  Michigan  (most 
recently  held  in  Manila  in  the  Philippines)  played  an  early  key 
role  in  bringing  individuals  in  the  field  together  to  discuss  the 
results  of  their  research.  As  the  field  has  grown,  so  has  the 
number  of  symposia  sponsored  both  by  private  institutions  and  gov- 
ernmental agencies.  The  University  of  Tennessee’s  symposia  on 
Remote  Sensing  of  Earth  Resources  (ref.  C-15),  the  National  Aero- 
nautics and  Space  Administration's  (NASA)  Significant  Results 
Symposia  (variously  titled,  but  most  recently  NASA  Earth  Resource 
Survey  Symposia  [ref.  C-6]),  NASA's  Active  Microwave  Workshop 
Proceedings  (ref.  A-16),  and  the  United  States  Geological  Survey's 
and  National  Aeronautics  Space  Administration's  Pecora  Symposia 
(ref.  C-12)  are  but  a few  of  the  increasing  number  of  meetings 
which  produce  proceedings,  not  to  mention  those  held  by  societies 
which  have  remote  sensing  emphasis  on  sections  such  as:  the 

Proceedings  of  the  Annual  Meetings  of  the  American  Society  of 
Photogrammetry  and  Remote  Sensing  (ref.  C-10). 
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As  ths  fiftld  hts  grom,  so  too  has  the  nunber  of  books  which 
may  be  considered  technical  references.  Works  such  as  Wolfe’s 
Handbook  of  Military  Infrared  Technology  (soon  to  be  updated  and 
retitled  Handbook  of  Infrared  Technology)  (rof.  A-41),  Skolnik’s 
edited  work  Radar  Handbook  (ref.  A-32),  Jensen's  Optical  and 
Photographic  Reconnaissance  Systems  (ref.  B-11),  and  Pratt's 
work  on  Digital  Image  Processing  (ref.  A* 21)  are  but  a few  of  the 
burgeoning  lists  of  publications  in  this  growing  area. 

It  should  be  stressed  in  conclusion  that  this  discussion  of 
technical  references  is  by  no  means  complete.  In  addition  to  re- 
ports developed  in  NASA;  the  Department  of  Interior  and  its  EROS 
program;  the  Geography  Program  of  the  Geological  Survey;  private 
industries  such  as  General  Electric  Space  Division,  Earth  Satel- 
lite Corporation,  Goodyear,  Lockheed,  Westinghouse,  Texas  Instru- 
ments, and  Motorola  also  produce  technical  works  detailing  the 
results  of  their  research  in  remote  sensing.  The  best  advice  to 
the  reader  on  which  to  end  this  section  is:  keep  your  eyes  and 

ears  open  and  your  pencils,  pens,  or  dictaphones  ready.  When 
you  hear  of  a report  by  an  agency  which  is  pursuing  research  in 
your  area  of  interest,  write  for  it  or  ask  to  be  put  on  their 
publication  mailing  list. 
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Southern  California  - Arizona 
Regional  Academic  Workshop 

June  28,  1978  j 


Workshop  Chairman:  Dr.  Leonard  W.  Bowden,  University  of  California,  Riverside  I 

Workshop  Panel  Members: 

Dr.  John  E.  Estes,  University  of  California,  Santa  Barbara  j 

Dr.  William  A.  Finch  Jr.,  San  Diego  State  University  I 

Dr.  Phil  N.  Slater,  University  of  Arizona  j 

! 
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The  workshop  convened  at  8:40  a.m.  with  nine  attendees  and  four  panel 
members.  During  the  approximate  two  hours  of  discussion,  more  people  kept 
arriving  until  a total  of  twenty  three  people  attended  and  participated  in 
the  session.  This  paper  Is  an  attempt  to  summarize  and  Identify  the  Important 
points  made  during  the  discussions.  The  chairman  opened  the  meeting  with  the 
statement  "We  will  produce,  as  best  we  can,  a listing  and  summary  of  what  Is 
going  on  In  Southern  California  and  Arizona  In  universities,  government,  aero- 
space Industry,  oil  ccxnpanles,  etc..  In  relation  to  education  In  remote  sensing 
of  the  environment." 

Table  1 is  ccxnpiled  from  (1)  descriptions,  narrations  and  discussion  of 
the  four  panel  members  and  several  members  of  the  audience;  (2)  courses  listed 
by  David  L.  Nealey  In  "Remote  Senslng/Phctogrammetry  Education  in  the  U.S.  & 
Canada"  published  in  the  March  1977  issue  of  Photogranmietric  Engineering  and 
Remote  Sensing;  and  (3)  a search  by  the  panel  chairman  of  available  1978-79 
catalogues  from  Southern  Callforrila’s  universities,  colleges  and  two-year  col- 
leges. The  list  Is  probably  not  comp)ete  and  may  contain  errors  In  course  num- 
ber, units  or  title.  The  panel  chairman  takes  full  responsibility  and  apolo- 
gizes to  any  Individuals  or  departments  omitted.  The  impression  one  gets,  after 
looking  at  scores  of  catalogues  and  hundreds  of  course  listings,  is  that  Southern 
California  and  Arizona  are  well  represented  in  the  teaching  of  and  educational 
activities  related  to  remote  sensing  of  the  environment. 
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I 
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TABLE  1.-  REMOTE  SENSING/PHOTOGRAib^TRY  AMD  RELATED  COURSES  AT  INSTITUTKRIS  } 

IN  ARIZONA  AND  SOUTHERN  CALIFORNIA  { 

t 

i 

LEGiOID  } 


RS  - Remote  Sensing 

RSr  - Rennte  Sensing  related 

PI  - Photo-Interpretation 

PIr  - Photo-Interpretation  related 

PG  - Photograometry 

PGr  - Photogrammetry  related 


ARIZONA 

Univ.  of  Arizona 

Dept,  of  Civil  Eng. 

#254  Photogrammetry 
3 Sem.  hrs.  UGrad/Grad 

Dept,  of  Geography  and  Area  Development 
#298  Geographical  Applications  of 
Remote  Sensing 


MPI  - Hap  & Photo-Interpretation 
PGe  - Photogeology 
AG  - Astrogeology 

SD  - Systems  Design  | 

IP  - Image  Processing 

OP  - Optics  I 

I 

j 


(PG) 


(RS) 


Dept,  of  Geosciences 

#207  Photogeology  (PGe) 

3 Sem.  hrs.  UGrad/Grad 

#207  Applied  Multispecttal  Imagery  (RS) 

2 Sem.  hrs.  Grad 

Dept,  of  Watershed  Mgt. 

#220a  Photogrammetry  (PG) 

2 Sem.  hrs.  UGrad/Grad 

#220b  Photointerpretation  (PI) 

2 Sem.  hrs.  UGrad/Grad 

#298b  Applications  of  Remote  Sensing 

and  Computer  Mapping  (RS) 

UGrad/Grad 


Dept,  of  Optical  Sciences 

#230  Introduction  to  Remote  Sensing  (RS) 

#231  Photographic  Remote  Sensing  (RS) 

3 Sem.  hrs. 

#233  Photo-Electronic  Imaging 

Devices  (SD) 

3 Sem.  hrs. 

#235  Automatic  Information  Extraction 

and  Classification  (IP) 

3 Sem.  hrs. 

#238  Radlometry  (RS) 

3 Sem.  hrs. 

#239  Infrared  Techniques  (SD) 

3 Sem.  hrs. 
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Dept,  of  Optical  ScImcm  ooatinued... 


#266  Optical  Datectoi^  (SD) 

3 Sea.  hra, 

#267  Fho&)g7aphic  Ptoceasea  (OP) 

3 Sea  hre. 

#267L  Photographic  Procaastt 

Laboratory  (OP) 

1 Sea.  hr. 

#332  Optical  Properties  of  the 

Ataosphere  and  Ocean  (OP) 

Dept,  of  Ataospheric  Sciences 
#356a-3S6b  Ataospheric  Optics  and 
Radiation  (OP) 

3 S^.  hrs. 

#361  Radar  Meteorology  (RS) 

3 Sea.  hrs. 

#385  Principlca  of  Ataospheric  Iteaote 

Sensing  (RS) 

3 Sea.  hrs. 

^ Arisona  State  University 
Itept.  of  Get^raphy 

#575  Geographic  implications  of  Reaote 

Sensing  (RS) 

3 Sea.  hrs. 

^ Northern  Arisona  Dniverslty 
Dept,  of  Rngineerlng 

#330  Photogranaetry  (PG) 

3 Sea.  hrs. 

Dept,  of  Geography 

#418  Reaote  Sensing  Techniques  (RS) 

4 Sea  hrs. 

#419  Reaote  Sensing  Techniques  (RS) 

#430  Reaote  Sensing 

Technlques-Methodology  (RS) 

2 Sea.  hrs.  Trips 

Dept,  of  forestry 

#524  Airphoto  Interp  (PI) 

3 Sen.  hrs.  Grad 
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^ Pho«nlx  College 
Dapt.  of  l^r.  Scienco 

#242  topographical  Surveying  (PG) 

3 Sam.  hrs. 

Dept,  of  Civil  Technology 
1205  Introduction  to 

PhotogruBBietry  (PG) 

3 Sam.  hra. 

#248  Geodetic  Surveying 
3 Sem.  hrs. 


Central  Arlsona  College  - Coolldge 

Dept,  of  Civil  Technology 

#220  Photogrirasetry  (PG) 

3 Hrs.  UGrad 

^ Arlsona  (Allege  of  Technology 

Dept,  of  civil  Eng.  Tech. 

#202  Surveying  II  (PGr) 

4 Sem.  hrs. 


S0OTHE8N  CALIFORNIA 

Allan  Hancock  College  ~ Santa  Marla 
Ihipt.  of  Engineering 

#78  Surveying  (PCr) 

3 Units  Trips 


California  State  Polytechnics.  San  Luis  Obispo 

HaturAL  Resource  Management 

#405  Applied  Resource  Analysis  (RSr) 

4 Qtr.  hrs.  UGrad 


California  State  Polytechnic  Unlv. . Pomona 
Itept.  of  Geography 

#310  The  Earth  from  Space  (^^5 

4 Qtr.  hrs.  UGrad 

#410  Photographic  Remote  Sensing  (8S) 

4 Qtr.  hrs.  UGrad 
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California  State  Unlvcrilty  - FullTton 


Dept,  of  Geography 

#280  Interpretation  of  Mapa  and  (MPI) 

Aerial  Photos 
1 Sem.  hr.  UGrad 

#384  Airphoto  and  Image  Interpretation  (PI) 

3 sem.  hrs.  UGrad/Grad 


California  State  University  - Long  Beach 
Civil  Engineering 

#427  Engineering  Photogrammetry  (PG) 

3 Sem.  hrs.  UGrad 

Dept,  of  Geography 

#483  Aerial  Photo  Interpretation 

and  Remote  Sensing  (PI.RS) 

3 Sem  hrs.  UGrad/Grad 

Dept,  of  Geology 

# Aerial  Photo  Interpretation 

# Photogeology  and  Geomorphology 
(To  be  introduced  in  1979)  UGrad/Grad 


California  State  University  - Los  Angeles 
Dept,  of  Geography 

#465  Air  Photo  Interpretation  (PI) 

4 Qtr.  hrs.  UGrad/Grad 

#466  Remote  Sensing  of  the  Environment  (RS) 

4 Qtr.  hrs.  UGrad/Grad 

Geological  Sciences 

#483  Photogeology  (PGe) 

4 Qtr.  hrs.  UGrad/Grad 


California  State  Unlv.  at  Northrldge 

Dept,  of  Geosciences 

#331  Photogeology 
1 Sem.  hr.  UGrad  Trips 

(PGe) 

Dept,  of  Geography 

#307  Air  Photo  Interpretation 
3 Sem.  hrs.  UGrad 

(PI) 

#407  Remote  Sensing 
3 Sem.  hrs.  UGrad/Grad 

(RS) 

California  State  University  - San  Diego 
Dept,  of  Geography 

#382  Use  and  Interpretation  of  (PI) 

Aerial  Photographs 
3 Sem.  hrs.  UGrad 
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Callfonila  Sf t«  Pnivrilty  - 8«p  1^«io  (coDti&u«d...) 
Otpe.  of  Goograpliy  (continuod...) 

1587  Romoto  Stnoing  of  tht  Envirommt  (RS) 

3 Sm.  htt.  mrad/Grod 

1588  Adv.  RM»t«  Sonalnt  of  Cht  (RS) 

BnvlrofUMnt 

3 Sm.  hn.  U6rad/6t«d 

#687  SMinar  In  Rraote  Sonalng  of  thm  <RS) 

SovlroMont 
3 Sm.  tin.  Grad 

Gaological  Sciancaa 

#505  Photqteology  (^) 

3 Sm.  hra.  UGrad/Grad  Trlpa 


^ Foothill  Collwta  - Loa  Altoa  Hlila 
Dapt.  of  Gaology 

#14  Map  Reading  and  Aerial  Fhoto 

Xntcrp.  (MPI) 

2 Qtr.  Hra* 

Planetary  Geology  (AG) 

3 Qtr.  hra.  IKSrad  Tripa 


Fullerton  College 

Oept.  of  Civil  Eng.  Tectmology 

#2  Aerial  Photo  Interp.  (PI) 

3 Sm.  hra.  UGrad 

Oqpt.  of  Earth  Sciencea 

Planetary  Geology  (AG) 

3 Sm.  hra.  OGrad 


^ Paaadena  City  College 


Dept,  of  Eng.  & Tech. 

#170  Photogranetry  (K) 

6 Sen.  hra.  t^rad  Trlpa  Evening 

#170A  Photogranmetry  (PC) 

3 Sm.  hra.  UGrad  Trlpa 

#1708  PhotograMetry  (PG) 

3 Sm.  hra.  OGrad 

#170C  Photogr«aaetry  (PG) 

4 Sm.  hra.  ^rad 

#170D  PhotograMetry  (PG) 


Pomona  College 
Dept,  of  Geology 

Planetary  Geology  (^) 

4 Sm.  hra.  UGrad  Tripa 


296 


San  B«gttT<lino  ValUy  Collw 
Dape.  of  Oai^raphy 

#134  Rmota  Santlng  of  tha  EnvironMne 
3 S«i«  lira.  UGrai 
#136  Photograanatry 
3 Sam.  hra.  IM*ra4 
#137  PhotogrMBsacry 
3 Sam.  hra.  UCrad 


(RS) 

(PG) 

(PG) 


Unlvaralty  of  California  «■  Loa  Anaalaa 
Dapt.  of  Gai^ra^y 

#169  Tha  Earth  from  Ahova  (MPI) 

4 Qtr.  hra.  UGrad 

#269  Samota  Sanalng  of  the  Environment  (RS) 

4 Qtr.  hra,  IKirad/Crad 

Dapt.  of  Earth  and  Spaca  Sclancaa 

#150  Remote  Senaing  for  Earth  Sclencca  (RS) 

4 Qtr.  hra.  tK#rad/Grad  Trlpa  Evening 
#204  Advanced  Remote  Senaing  (RS) 

4 Qtr.  hra.  UGrad/Crad 


Unlv.  of  California  - Rlveralde 

Dept,  of  Earth  Sciences 
(Geography  Progr«a) 

#4  The  Earth  Fro®  Spaca  (PI) 

4 Qtr.  hra.  UGrad 

#156  Remote  Senaing  of  the  (RS) 

Environment 

4 Qtr.  hra.  UGrad/Crad 


Unlv.  of  California  - Santa  Barbara 
Dept,  of  Geography 

#115A  Geographic  Photo  Interpretation  (PI) 
#1158  Geographic  Photo  Interpretation 


and  Remote  Senaing  Techniques  (FI.RS) 

#115C  InteriMidlate  Geographic  Remote 
Senaing  Teehnlquea  (RS) 

4 Qtr.  hra.  (each)  UGrad/Grad 
#215  Seminar  In  Remote  Sensing  (RS) 

#216  Seminar  In  Remote  Sanalng  (RSr) 

Inatrumentatlon  and  Software 
4 Qtr.  hra.  (each)  Grad 
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Unlv.  of  California  - Sanf  ImthmvM  Ccontlnued...) 

Dept*  of  Bleetricel  Engineering  end 
Cf^mter  Science 

#178  Fundancntele  of  Ccm^uter  bege  Proeeesing  (XP) 

3 Qtr.  hre.  UGred/Crad 

#278  Cof^uter  Inege  Proeeseing  (XP) 

3 Qtr.  hre.  Grad 

i 

Univereity  of  Southern  Califomte  { 

i 

Dept,  of  Geolo^  i 

Heaoce  Sntuiing  for  Earth  Seimtieta  (ES) 

3 Sen.  hre.  Cr«l  Tripe  Evening  | 


Llated  in  Healey*  David  L.*  "Renote  Senaing/Photogrannetry  Education  in  the 
U.S.  & Canada."  Photograanetric  Engineering  and  Renote  Senaing.  Journal  of  the 
itoerlcan  Society  of  Fhotograanetry.  Vol.  XLXXl.  Ho.  3.  Kerch  1979,  pp.  263-26S. 


298 


Xn  addicioti  to  «4ueatiottal  lacilitiM  and  cou»m,  diaciWBloii  of  potantial 
aaqtloyara  and  tourcM  of  raaota  attuilng  aattriai  and  produeta  tnauad.  A 
conscitsua  of  panal  a«^ra  and  audlanca  participanta  «m  that  anat  «aployera  aeek 
graduacea  well  fottndad  in  diacipllnaa  hcfora  thay  aaak  graduataa  tralnad  in  re* 
laoce  aena/.iig.  Hall  adueatad  atudanta  that  haaa  axparianea  in  ranota  aanaing  m 
well  aa  a atrong  dlaolpllna  background  aro  oftm  aora  auceaaaful  in  obtaining  a 
job.  It  ia  Inpoaalbla  to  dia«>var  or  liat  all  tha  potential  aa^l^aaa  or  ail  the 
known  enployar'a  addroaaaa»  phono  ma^cra*  pamon  to  contact  or  what  the  agonc.y 
or  flm  sight  be  aeaklng  at  aiqr  ona  tlaa.  A raviaw  of  tha  tap«i  recorded  at  the 
workahop  produced  tha  following  liat  of  public  aganciaa  and  private  firna  known 
to  have  employed  graduataa  with  training  in  r«aota  aenaing  of  tha  enviroi»enc. 


Hasa 

City 

Jet  Propulaion  Lab 

Paaadana 

luraau  of  Lam!  Manag«a.  \t 

Riveraida 

ESRX 

Radlmda 

AIS 

Craatlina 

San  Eainardlno  Cotmty 

San  lamardiiM 

Rivera  Ida  Coiuity 

Riveraida 

Loa  Angelca  County 

Loa  teaalea 

Orange  County 

Santa 

Ventura  County 

Ventura 

San  Diego  Couoty 

San  Diego 

Meiminge,  Durban  ai^  Richer  da  <hi 

Santa  Barbara 

Oceanographic  Servicaa*  Inc. 

Santa  Barbara 

Cenaral  Research  Corooration 

Santa  Bari>ara 

General  Elactric  Taa»o 

Santa  Barbara 

HunaiM  Kactora  Iteaearch 

Santa  Barbara 

Eakatach 

Huntington  Beach 

Tatratach 

Paaadana 

Aarolat  General 

Utat  Covina 

Calif.  Daot.  of  Water  Raaeureaa 

Loa  ^galaa 

LocMiead  Elactronica 

Houaton,  TE 
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Ilww 

G«n«al  Uactric 
l«rth  Gorp. 

HefioniMll  DotmlM 
MoMl  Oil 
Dmms  and  Hoor« 

ChcvrtHi  iMMKh 
bacon 

ComrarM,  Dsvla  nd  Fv^ro 
Goodjraar 

US<S,  Water  Raaoureaa 

uses,  Conaarvatlm 

AXIS  (Ariaona  laxional  Infer- 
■atiffis  Srttaa) 

Motorola 

uses 

NASA 

NASA 

NASA 


City 

Baltavilla,  Iff 

Barkalay  md  Waahinston  D.C. 

Werldwida 

Worldtfida 

Worldaida 

Worldwite 

Iforldwida 


Tueaon  2 
Palo  Aleo^ 

Phoanix 

Phoanix 

Flagataff  @ 
Abmo 

JSC  f 

Goddard 


To  obtain  iufory,  data  and  varioua  taaching  aatarials  vithin  tha  aoutham 
Califomia/Arisona  ragi<m  ia  a aattar  of  contacta  and  "aaak  and  aaarch".  Tha 
aaa^ara  of  tha  panel  ara  trilling  to  act  in  certain  inatancea  to  aaaiat  and  direct 
inqulriaa.  Hotravar,  to  liat  the  paraona  at  varlotia  govarnBont  aganciaa,  univarai- 
tlaa,  raaaarch  laba  or  private  induatry  without  thair  prior  approval  ia  an  iapo- 
aitiMt  tha  panel  chaitsm  will  not  tolerate. 
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Th«  Northern  California 
Hawaii  (^lonal  Academic  Workshop 
CORSE  »78 


m 

Lawrence  Fox  lU* 
Humboldt  State  University 
Areata.  California  95521 


0 

*tlther  panel  members  are  listed  on  page  305. 

♦ 


INTRODUCTION 


The  session  began  with  twenty  minute  presentations  by  L.  Fox, 

R.  N.  Colwell  and  E.  Wlngert  on  ranote  sensing  philosophy  and  currl- 
culwn  at  Huirtoldt  State  University,  University  of  California  at 
Re»*!ce1ey,  and  University  of  Hawaii  respectively.  An  open  exchange 
session  followed  discussing  the  Service  role  of  the  UnWersIty  In 
dispensing  photos,  maps  and  supplies:  sources  of  free  or  Inexpensive 
Imagery  and  equipment;  philosophical  considerations  In  offering  a 
remote  sensing  degree;  the  role  of  NASA  In  remote  sensing  education 
at  the  University  level;  and,  finally  cooperative  strategies  for 
California  campuses  In  renwte  sensing  education. 

FORMAL  PRESENTATIONS 


Humboldt 

L.  Fox  emphasized  that  remote  sensing  Is  approached  from  an 
Interdisciplinary  point  of  view.  A two  unit  (quarter)  Introductory 
remote  sensing  course  serves  as  the  primary  building  block  and  each 
discipline  has  a variety  of  follow-on  courses. 

In  Forestry,  a four  unit  course  on  air  photo  Interpretation 
gives  the  students  the  background  necessary  to  use  low  altitude 
photos  In  the  forest  environment.  A graduate  course  exposes  stu- 
dents to  the  advanced  principles  of  remote  sensing  from  reflectance 
theory  and  thennal  emission  to  digital  data  analysis.  Air  photo 
Interpretation  Is  also  used  as  a data  source  In  other  forest  mea- 
surement and  forest  management  courses  In  the  department. 

The  Natural  Resources  Program  contains  a basic  photo  Interpre- 
tation course  and  the  faculty  Is  considering  the  addition  of  an 
advanced  remote  sensing/ inventory  design  course.  Remote  sensing 
data  products  are  also  used  in  other  natural  resource  Interpretation 
courses . 

In  Geography  the  faculty  1s  developing  a land-use  ana lysis /remote 
sensing  course.  The  Geology  department  teaches  a remote  sensing 
Image  Interpretation  course.  Remote  sensing  Is  thoroughly  integrated 
Into  the  programs  of  both  of  these  departments.  Many  concepts  of 
geology  and  geography  are  more  easily  presented  and  understood  from 
the  aerial  perspective. 

U.C.  Berkeley 

R.  N.  Colwell  first  outlined  the  basic  undergraduate  program 
In  remote  sensing  and  then  comronted  on  his  personal  philosophy  in 
regard  to  remote  sensing  education.  All  Berkeley  forestry  students 
spend  a short  time  with  photos  at  forestry  summer  camp.  Only  those 
Interested  take  a four  unit  course  In  remote  sensing  In  natural 
resources.  The  course  emphasizes  basic  air  photo  Interpretation 
with  comparison  to  Forest  Service  mapping  for  evaluating  student 
work.  A graduate  seminar  Is  also  taught  in  a flexible  style  to  meet 
the  varying  needs  of  graduate  students. 
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Beyond  these  three  courses,  rffluote  sensing  at  Berkeley  Is 
presented  only  in  the  context  of  the  Space  Sciences  Laboratory 
research  program.  Colwell  emphasized  that  this  approach  of 
"learn  by  doing"  or  "on  the  Job  training"  has  worked  very  well 
and  n»ny  Berkeley  graduates  are  currently  In  responsible  positions 
In  Goverement  and  Industry. 

U.  Hawaii 

E,  Mingert  suwwrlzed  the  three  courses  offered  at  the  graduate 
level  at  Hawaii:  a basic  photogramretry  class,  a course  In  Image 
Interpretation  and  a seminar  course  with  varying  subject  matter. 

Efforts  are  being  made  to  expand  the  program  so  that  "so  much  ground 
will  not  have  to  be  covered  by  so  few  classes."  Research  Is  devel- 
oping In  thermal  sensing,  detailed  ecological  mapping,  archeology 
and  water  resources.  Hawaii  Is  a small  enough  geographical  area 
that  low  altitude  photography  and  ground  surveys  usually  neet  the 
Information  needs. 

The  group  expressed  special  Interest  in  locating  and  mapping 
the  Intrusion  of  fresh  water  into  salt  water  in  the  coastal  areas. 
However,  Wlngert  reported  that  this  area  of  research  Is  not  now 
active  in  Hawaii.  He  indicated  that  cooperation  with  Federal  and 
State  agencies  on  remote  sensing  projects  was  virtually  nonexistent 
In  Hawaii,  however,  the  potential  was  there. 

OPEN  SESSION 

University  Service  Role  - Cal  State  Chico 

Chuck  Nelson  from  Chico  State  is  organizing  a remote  sensing 
lab  within  the  library  complex.  The  lab  is  public  service  oriented, 
an  extension  of  the  map  library,  and  contains  aerial  photography  and 
"Vari-scan"  enlargers.  The  lab  has  been  received  very  well  by  the 
public,  especially  farmers  and  ranchers  in  the  Central  Valley  area. 
There  is  also  considerable  interest  within  the  campus  with  ten  depart- 
ments showing  Interest.  Chuck  finds  himself  giving  many  guest  lectures 
for  other  instructors  interested  in  remote  sensing. 

Sources  of  Supplies 

A lengthy  discussion  centered  on  the  sources  of  free/low-cost 
Imagery  and  equipHnent.  Of  special  note  was: 

* The  Water  Resources  Board  in  Red  Bluff.  Color  35-mm  slides 
from  light  aircraft 

* The  Coastal  Commission.  General  aerial  photography 

* The  California  State  Surplus  Warehouse.  Several  items  of 
equipment,  sometimes  photo  interpretation  equipment 

* U.S.  Air  Force.  Surplus  photo  equipnent 
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Educational  Philosophy 

Generally  It  was  felt  that  a program  should  be  offered  at 
the  graduate  level  that  ccmblned  remote  sensing  technology  with 
an  ar^a  of  application.  Approximately  6-12  units  In  remote  sensing 
to  serve  as  an  Introduction  with  the  more  advanced  remote  sensing 
skills  being  learned  through  experience.  R.  N.  Colwell  felt  that 
a masters  degree  In  "pure"  remote  sensing  was  not  useful.  Several 
people  suggested  that  other  departments  bn  a campus  should  support 
a remote  sensing  program.  Physics,  Mathematics  and  Biology  might 
provide  cooperative  support  for  example.  Joseph  Leeper  (Geography, 
Humboldt  State)  pointed  out  that  many  science  departments  are  so 
overburdened  In  their  service  role  to  general  education  that  they 
would  be  unable  to  support  remote  sensing  programs. 

The  problem  of  securing  excellent  Instructors  was  brought  up. 

The  Idea  of  part-time  people,  borrowed  frcxn  Industry  was  considered. 
This  concept  is  working  at  the  University  of  Michigan. 

R.  N.  Colwell  stressed  the  fact  that  many  campuses  need  to  offer 
remote  sensing  rather  than  the  few  major  centers,  so  that 
the  discipline  strengths  of  many  schools  might  round  out  the  educa- 
tional process. 

NASA 


Ben  Padrick  (NASA  Ames)  pointed  out  that  NASA  would  like  to  be 
out  of  the  education  function  in  retrote  sensing  and  support  Colleges 
and  Universities  already  expert  in  educational  theory.  In  the  near 
term,  NASA  will  be  very  limited  by  funds.  NASA  is  committed  (long 
term)  to  the  support  of  universities  in  order  to  best  integrate 
remote  sensing  within  disciplines.  NASA  feels  that  the  greatest 
hope  for  operational  use  their  vehicles  rests  with  this  philo- 
sophy. 

In  response  to  NASA,  many  pointed  out  :hat  hardware  (especially 
con^)uter  equipment)  was  a major  road  block  to  the  integration  of 
r«note  sensing  into  College  curricula.  People  seemed  to  agree  that 
compatible  equipment  and  software  was  a key  to  solving  this  problem. 
Wingert  mentioned  a lack  of  hard  copy  output  products  as  a major 
barrier  and  the  lack  of  information  on  NASA  programs  was  very  dis- 
turbing. Another  problem  raised  by  Wingert  was  that  most  NASA  soft- 
ware is  written  for  large  memory,  mainframe  computers.  Many  smaller 
Universities  have  mini-computer  systans  that  have  time  available  for 
Landsat  digital  analysis.  The  future  availability  of  NASA,  ERL 
(Slidell,  CA)  software  written  for  mini -computers  should  help  alle- 
viate this  problem. 

The  lack  of  color  CRT's  was  not  seen  as  a major  problem  since 
most  felt  that  standard  line  printer  output  was  more  Instructive 
as  to  the  digital  nature  of  the  data. 
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Chuck  Nelson  (Chico)  was  very  Interested  In  the  possibllty  of 
a time  sharing  arrangerrent  with  NASA  Ames  by  r«note  terminal.  This 
might  allow  a smaller  University  to  enter  Into  digital  processing 
without  an  exorbitant  equipment  expenditure. 

Cooperative  Strategy 

Much  excitement  was  expressed  concerning  the  cooperation  of 
several  campuses  expeclally  In  sharing  field  trips.  Colwell  noted 
that  there  are  two  test  sites  which  have  been  studied  thoroughly  and 
that  the  Berkeley  people  would  be  happy  to  host  a field  trip. 

L.  Fox  also  offered  to  host  a field  trip  In  the  Trinity  River  area. 
Mendocino  was  also  mentioned  as  an  area  to  visit  since  Berkeley 
Is  just  finishing  a fuels  management,  Landsat  Inventory  In  that 
area. 


Finally  Colwell  talked  about  the  possibility  of  the  California 
ASVT  proposal  belna  funded.  This  would  be  the  first  step  in  com- 
bi ni  no  the  collective  expertise  of  various  users  of  ranote  sensing. 
This  effort  could  also  help  to  unify  the  educational  effort  in 
California. 


Panel  members: 

Robert  N.  Colwell,  University  of  California,  Berkeley 
Everett  Wingert,  University  of  Hawaii 
Sen-dou  Chang,  University  of  Hawaii 


305 


Conference  on  Remote  Sensing  Educators 
COi^E  - 78 

26"30th  June,  1978  Stanford  University,  California 

Report  on  Regicmal  Workshop  Threes  Central  States, 

Nevada,  Utah,  Colorado,  WycMBinq 

Chairman  Jack  D.  Ives,  INSTAAR,  University  of  Colorado 
Janes  Smith,  Colorado  State  University 
Lawrence  M.  Ostresh,  University  of  Wyoming 
Iferrill  Ridd,  University  of  Utah 
Charles  Smith,  Air  Force  Academy 

The  workshop  was  held  in  Room  270  of  the  Tresidder  Memorial  Union, 

8:30  to  12:00  noon,  June  28th,  1978.  Ten  to  t%ffilve  participants  remained  with 
the  workshop  throughout  the  morning,  the  more  active  being  Robert  D.  Rudd, 
University  of  Denver,  James  Smith,  Colorado  State  University,  Eugene  Maxwell, 
Colorado  State  University,  Joseph  Linz,  Jr.,  University  of  Nevada,  and  Donald  G. 
Moore,  South  Dakota  University.  Dale  Lumb,  Chief,  Technology  Applications 
Branch,  NASA  Ames,  joined  the  discussion  during  the  second  half  of  the  morning. 
INTRODUCTION 

The  first  thirty  minutes  was  devoted  to  discussing  what  was  conceived 
as  the  purpose  of  the  workshop.  Topics  ranged  from  problems  of  university 
education  in  all  aspects  of  remote  sensing,  to  applications,  to  research,  and 
to  interface  problems  between  university  groups  themselves,  and  between  the 

universities  as  a unit,  state  agencies  and  NASA  and  other  federal  agencies. 
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preceding 


dlf£leultl«s  facing  rwaota  sensing  as  an  independent  discipline  viz 
its  fregoent  use  as  a splintered  technology  amongst  a group  of  traditional 
academic  disciplines  was  also  touched  upon.  Exanples  of  success  of  specific 
projects,  and  of  unrealized  opportunities  were  also  introduced.  It  was 
finally  decided  to  concentrate  on  problou  and  opportunities  relating  to  the 
furtherance  of  effective  working  relations  amongst  the  universities,  state 
agencies  and  NASA.  A few  principal  points  emerged  and  these  are  aiq^lified, 
with  associated  recommendations  as  the  body  of  this  report. 

PRINCIPAL  POINTS 

1.  It  is  assumed  that  one  of  NASA's  long-range  goals  is  the  transfer  of 
technology  to  all  levels  of  potential  user  groups, and  that  within  the  context 
of  CORSE  - 78,  state  agencies  conprise  a substemtial  proportion  of  such  tiser 
groups.  With  this  in  mind  there  is  need  for  recognition  that  effective 
technology  tramsfer  will  heavily  depend  upon  a three-legged  tripod  represent- 
ing NASA,  the  universities  and  the  state  agencies.  Maintenance  of  all  three 
bases  is  essential.  While  we  perceived  that  the  current  provision  of  short 
courses  by  NASA  for  state  agency  staff  is  both  useful  and  financially 
desirable  in  terms  of  short-term  budgeting,  the  long-term  goal  is  better 
served  by  a considerad}le  strengthening  of  the  universities  in  terms  of  their 
ability  to  (a)  kre.p  fully  abreast  with  the  developing  edge  of  remote  sensing 
technology,  (b)  to  relay  this  through  a variety  of  education  programs  to  state 
agency  staff  and  (o)  to  provide  the  state  agencies  with  new  fully-trained 
staff  as  finished  graduate  students  as  state  recruiting  proceeds  over  a 
long  period  of  time.  These  latter  university  training  functions  do  not 
necessarily  have  to  compete  with  NASA's  provision  of  short  courses  directly 
to  state  agency  staff.  In  fact  the  two  approaches  should  be  essentially 
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oM^lemiitary  altice  w«  raeo^nisa  th*  nacassity  of  introducing  aanior  stata 
nanaganant  lavala  to  tha  natura  and  o^ortunitias  of  reaota  amsing 
technology. 

2.  It  waa  nphaaia^  that  than  ia  a nMd  moA  an  oi^rtunity  for  greatly 
foaterijig  inatruction  in  coai^utar-aaaiated  analyaia  of  rwaota  aanaing  date. 

A poaaibla  ly^roach  to  a sachaniMi  for  thia  can  ba  beat  daacribad  by  uaing 
tha  I960*  a approach  to  conputara  and  coulter  acianca  aa  an  analogue. 

Thua«  at  that  tim,  NSF  attacked  the  preplan  of  tha  need  to  integrate  tha 
then  new  cmaputer  technology  into  the  educational  ayatem  through  apacial  granta 
for  bote  prograB»  and  aqui^nant  to  particular  univeraity  cantera.  It  is 
racoonanded  that  HASA  play  a aimilar  role  tdte  reapact  to  rwnota  aanaing 
technology.  Thia  can  ba  divided  Into  proviaiona  of  funding  for  devaloiHaent 
in  three  aonewhat  differantf  but  related  arena i 

a)  inatructional 

b)  reaearch  utiliaation 

c)  operational 

The  flrat,  inatructional,  la  conaiderad  aa  a unique  univeraity  function  and 
ia  to  be  achaivad  moat  economically  and  efficiently  within  a univeraity 
setting.  The  third,  operational,  should  be  an  outgrowth  of  (a)  and  (b) , 
and  should  pay  for  itself,  tee  second,  research  utilization,  lies  somewhat 
in  between  and  will  frequently  require  start-up  funding. 

Within  tea  Central  States  regi<m  it  la  clearly  seen  that  there  is  a 
great  disparity  amongst  universities  in  terms  of  their  currency  and  level 
of  activity  in  remote  sensing  technology  instruction  and  research.  The 
Colorado  Front  Range  corridor,  as  one  exanq>le,  repref^^ents  the  major  center 
of  both  university  activity  and  potential  and  actual  state  and  federal 
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agency  uur  groups.  But  even  here«  CSU  holds  e preeminent  position.  Similar 
CMparisons  oould  be  made  for  other  areas,  ^us  it  is  recommended  that  existing 
cMteers  of  strength  be  furtiier  strengthened  through  HASh  funding,  particularly  in 
the  area  of  oosputer-assisted  analysis  of  rmnote  sensing  imagery.  Thus  an  af- 
fective helrar^y  could  be  establish^  wi^  regional  lead  centers  providing 
instructional  packages  and  computer  terminals,  as  well  as  on-site  specialised 
courses,  for  other  university  centers,  as  well  as  direct  training  for  state  ngency 
staff,  (hie  particular  mode  that  was  discussed  at  smm  length  at  the  workshop  was 
the  potential  utilization  of  the  ARPA  Network  as  an  instructional  resource.  A 
large  number  of  computer-assisted  analysis  programs  have  been  inplemanted  and 
are  maintained  by  NASA-Asws.  within  specified  machine  resource  limits,  use  of 
these  programs  could  greatly  foster  the  general  dissimination  of  base  level 
expertise  and  confonnity.  Any  such  development  should  be  dependent  upon  the 
provision  of  a degree  of  matching  fund  support  either  directly  by  the  relevant 
state  agency,  or  indirectly  by  state  funding  to  the  relevant  university.  This 
aiproach,  of  course,  should  in  no  way  preclude  the  continuity  of  existing  teaching 
and  research  in  remote  sensing  at  other  levels  in  the  heirarchy;  rather  it  should 
serve  as  a stimulant. 

3.  A serious  problem  facing  current  university  remote  sensing  instructional 
and  research  centers  is  a shortage  of  funds  in  the  areas  of  equipment  maintenance, 
technical  staff,  travel  and  conmninications.  This  problem  will  grow  with  the 
increasing  success  of  further  technology  transfer.  Expensive  equipment,  provided 
through  a grant,  can  quickly  require  extensive  repair  and  maintenance,  for  instance, 
wnich  a university  administration  cannot,  or  will  not,  cover.  Training  and  main- 
tenance of  sophisticated  technician  staff  on  short-term  research  grant  and  contract 
funds  can  become  a nightmare  for  center  directors.  Travel  to  a major  scientific 
conference  is  usually  easily  provided  for  while  it  proves  impossible  to  obtain 
modest  reimbursement  for  short-distance  travel  to,  for  instance,  a state  capital. 
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Nhat  im  r^irad  here  is  • Bsehanlsa  for  low-ksy,  aodsst,  but  long-tstrm, 
floxiblo  nuts-sitd-bolts  funding  to  particulsr  univsrsity  contort. 

4.  is  urgod  to  toko  o aimro  i^tivo  rolo  in  ominunicotion  with 

vni^rsity  oontors  and  in  infliumoing  i^latimships  botwoon  univorsity 
cantors  thssMSlvos»  and  asmgst  t)m,  on  tin  «io  hand,  and  stats  agonoios, 
on  tho  othor.  Bottor  dissMdjaatira  of  infomation  cm  rosoarch  fundi).<g 
opportunities , and  aetiva  support  of  prograas  that  would  bo  advantagoeus 
to  tho  instruction  of  graduato  studonts#  is  roquirod.  NASA  can  influonco#  for 
bottor  or  for  %«orso,  tho  rolationships  bot%roon  univorsity  cantors  and  stato 
agoncios.  Through  a caroful  and  diplranatic  abroach  NASA  has  tho  q^rtunity 
of  holping  to  of fact  a state  of  intord^pondency  botwoon  tho  two  groins. 
RESPCTWB  TO  roWIAL  QtSSTlONS 

1.  A specif ie  dogroo- level  curriculua  in  remote  sensing  should  not  bo 
dovolopod.  Strengthening  of  tho  traditional  approach  would  soom  desirable. 

A degree  program  would  run  tho  risk  of  widening  an  already  existing  gulf 
botwoon  remote  sensing  ei^rts  and  user  disciplines.  A strengthening  and 
BX>dification  of  the  traditional  at^roach  has  already  been  covered  Indirectly 
in  the  proceeding  section.  Restated  here,  this  could  involve  identification 
of  existing  lead  centers  and  the  develo^nent  of  state/regional  hierarchies 
tdiereby  less  well-equipped  centers  can  be  united  to  the  regional  lead 
center  or  centers,  thereby  capitalizing  on  the  provieion  of  major  equipment. 
Major  equi|xaent  would  especially  include  con^uter-aided  imagery  analysis  both 
in  an  ^erational  and  educational  sense. 

2.  while  the  answer  to  question  one  precludes  an  answer  to  this 
question,  it  should  be  en^hasized  that  traditional  academic  departments  be 
heavily  encouraged  to  embrace  r«note  sensing  education  {and  graduate  level 
research)  as  a vital  part  of  the  curriculum  of  each  relevant  discipline. 

3.  Further  infusion  of  the  concepts  of  remote  sensing  and  its  advantages 


311 


to  tho  rolovont  indivldiMlIyt  and  aganolaa.  8i^  could  1m  aoeolar- 

ated  aiora  aliort  couraas  ai^  additional  af faotlva  dwmiatratlcMw  l^uroi^ 
^paelfle  ai^li<Mti«ia.  Aa  om  aMOfpla  KSISMt  has  In  pnqparatl<m  a aniltl- 
eolorid  aap  (lt24.0(K})  of  natural  hasarda  of  a 0808  quadrangle  (front  Itanga, 
Xndlan  PmIcs  Viltemaas  Area) . Natunl  hManl  (^logle  haaardl  M^lng  la 
a will  raoognlMd  Mad  la  Colorate  following  paaaaga  of  OC^  Ntnua  Bill  1041 
In  1974f  yat  still  no  standardlsad  au^plag  la^nd  has  baan  adc^t^.  tfl^ 
prodii^im^  of  tha  pr^osad  nap*  a Manual  will  ba  praparad  dascrlblng  (a) 
tha  production  proeasa  ai^  eost**banaflt«  (b)  tha  iaportance  of  ecm^lating  a 
stata-idLda  au^it^  pxojact  and  of  ai^aMlng  this  to  adjacoat  atataa  and  (c) 
tha  na^  for  star^terdlaatlon  of  lag«^.  this  will  ba  prlntad  for  dlstrlbutlffia 
to  stata  agMciaa,  laglslators,  insuranea  conpanlas#  banka  and  financa  houaaa 
and  tha  public.  In  this  easa  wi  will  ba  strasaing  tha  li^rtanea  of  tha 
MhSA  color  XB  imgary  t^on  which  tha  napping  was  baaad.  Xt  la  part  of 
XKSTAAR's  on-going  BASA-PY  project  (Cbrant  Mo.  Hd.-Oi-OOX-ro-'.i , ioonitor, 

Mr.  doa^ph  Vltala.  It  la  but  cma  axaapla  of  an  a^romeh  to  increasing 
awaranass  both  of  awnagars  and  public.  Otlwr  axuplaa  rauld  ba  added. 

a)  Zncreaaing  awareness,  ^mnunlcatlona  and  rallaboratlOT  on  specific 
research  and  instructional  projects  between  state  agencies, 
university  centers  and  NASA; 

b)  De^lopmnt  of  firm  Imt  diplomatic  initiatives  by  NASA  to  achieve 
the  above; 

e)  Xncraasad  awareness  of  tha  upportunltles  afforded  by  the  tech- 
nology available.  This  will  result  from  progressiva  recruiting 
into  the  «^loyer  sector  of  young  professionals  with  remote 
sensiim  expertise  and  through  familiarisation  short  courses 
for  the  senior  staff;  tha  two  are  (xw^lementary. 
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Z ifo^r  if  m Mtid  to  axmmt  5,  6 Mid  7 •p«el£ically7 

fivMotim  8 iMiZl  «n««»r»d  undor  tlM  jj^noe^ln?  Motion  "principal 

points." 
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NORTHWESTERN  ACADEMIC  WORKSHOP 
ON  REMOTE  SENSING  EDUCATION 


Richard  D.  Shinn,  Chairman* 

Department  of  Urban  Planning 
University  of  Washington,  Seattle 

Introduction 

The  tasks  we  face  as  educators  in  the  process  of  assisting  and 
assimilating  the  emergence  of  a new  technology  and  a supporting  di- 
scipline are  immense.  We  have  seen  several  years  of  glamorous  research 
and  civelopment  associated  with  the  Landsats.  Remote  sensing  has 
been  around  as  long  as  aerial  photography,  but  not  until  recently 
have  we  been  faced  with  such  big  questions  of  education.  It  has  been 
suggested  that  our  responsibility  for  education  springs  from  the 
basements  of  ivory  towers  and  spreads  throughout  higher  education, 
down  into  the  secondary  schools  and  even  to  elementary  school  education. 
Should  everyone  know  about  remote  sensing  ? 

It  is  not  my  intended  role  here  to  be  either  facetious  or  negative. 

Rather,  we  are  asked  to  put  remote  sensing  education  into  perspective 
in  our  four  northwestern  states  - Alaska,  Idaho,  Oregon  and  Washington. 

The  particulars  of  that  task  are  overwhelming  and  one  half  day  of 
workshop  can  not  pretend  to  answer  all  the  questions  asked  of  us. 

A complete  inventory  of  the  higher  educational  institutions  in  our 

region  has  been  requested.  That  inventory  should  seek  the  mission  of 

each  constituent  unit  involved  in  the  research,  public  service  and/or 

teaching  of  remote  sensing.  The  task  requires  a search  of  institutions 
*bther  panel  members  are  listed  on  page  334. 

erecting  page  w^ank  not  Ftuatl 
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hf  •xptetcd  disciplints:  civil  cngincerinf , forestry,  goofrophy 
•nd  geology.  Also,  we  oust  edd  the  unexpected**  - lend  studiee,  en> 
vironaeatel  studies,  plenning  and  others.  It  is  estinated  that  over 
sixty  (60)  of  these  units  exist  in  our  four  states  in  as  nany  uni- 
versities, state  colleges  and  connunity  colleges. 

The  panel  has  nade  a prelininary  effort  at  identifying  these 
units  fron  contacts  in  our  own  locale.  The  lists  are  not  coaplete, 
and  it  would  be  unfair  to  those  left  off  to  consider  then  nore  than 
prelininary.  A strict  definition  of  renote  sensing  as  a technology 
would  nake  the  inventory  an  easier  task,  but  it  would  be  self-defeating 
if  we  elinlnated  all  those  disciplines  teaching  applications  of  re- 
note sensing. 

A few  institutions  are  naned  in  national  directories  with  sinilar 
inventory  purposes  (ref.l).  In  Alaska,  there  is  the  Geophysical 
Institute  at  the  University  of  Alaska,  Fairbanks.  In  Idaho,  the 
Departnents  of  Forestry,  Geography  and  Geology  each  have  a progran. 

In  Oregon,  there  is  the  Environmental  Renote  Sensing  Applications 
Laboratory  at  Oregon  State  University  in  Corvallis.  The  Department 
of  Geography  at  the  University  of  Oregon  in  Eugene  offers  remote 
sensing  instruction.  Similar  instruction  is  offered  in  the  Soils 
Department  at  Nashington  State  University  in  Pullman.  There  is  the 
Remote  Sensing  Applications  Laboratory  at  the  University  of  Mashington 

**These  are  unexpected  for  two  reasons:  (1)  they  are  not  commonly 
found  in  all  institutions;  and  (2)  they  are  not  always  teaching 
remote  sensing. 
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in  8««ttl«.  Alto,  totcAlng  of  rtoott  tooting  it  tvtiltblo  in  tho 
bogortaontt  of  tivil  Enginotring,  Forott  Eotoorett,  Coogrtplijr,  Coo- 
logy  oni  Urbin  Fltnaiag  tt  tho  Uaivortity  of  Vothiogton. 


Thoto  otJMd  oro  woll  roprotootod  on  thit  pteol  by  Fovit  Krobt, 
Uaivortity  of  Alttkt,  Foirbtnkt;  lorry  Sehruopf,  Orogon  Sttto  Uni- 
vortity,  Cotvtllit;  Jotoph  Ulliatn,  Univortity  of  Idaho,  Notcooi 
and  Irooo  Fratior,  Nath  ing too  Stato  Univortity,  Fullnan.  Alto,  tho 
oorkthop  hat  protont  a broador  roprotontation  of  thoto  inititutlont 
nanod  and  othort. 


A aoeond  najor  tatk  it  to  ottinato  tho  job  narkot  for  roooto  ton- 
tini  iradoatot,  locally  and  nationally.  Tho  dotiro  of  thit  oorkthop 
it  that  wo  idontify  onployort  in  induttry,  aeadonia  and  govornnont. 

Steh  a ttatonont  of  noodt  could  bo  utod  to  Juttify  eourtot,  facilitiet, 
dogroo  progrant  and  toaching  ttaff. 

Anothor  invontory  hat  boon  roquottod  that  covort  tho  roilonal 
tourcot  attittini  tho  toachini  of  ronoto  tontlnt.  Nho  attittt  tho 
toaching  ttaff  ? Nho  providot  data  productt  ? Aro  thoto  induttrial 
cooporatort  or  govornnonttl  cooperatort  ? Aro  docunontod  applicationt 
of  ronoto  tontlng  availablo  for  toaching  natorialt  ? 


11  of  thoto  quottlont  woro  to  bo  antworod  procltoly  for  you  in 
rty  ninuto  papor,  proparod  jointly  by  tho  panol  with  long  dittanco 


callt  for  which  no  toll  froo  nunbort  woro  provided.  No  ^ivo  dofaultod 
in  thit  higher  nittion  objoctivo.  Howovor,  wo  havo  not  abrogatod  our 
rotpontibilitiot.  Nhat  wo  havo  dono  in  preparation  it  ttago  totting 
for  tho  highor  ordor  tatk,  and  wo  ondorto  itt  noritt. 

In  addition  to  ditcuttlng  thoto  throe  big  quettiont: 
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1.  NorthwestftYn  higher  educational  institutions  in  research, 
public  service  and  teaching  of  remote  sensing, 

2.  Northwestern  and  national  job  market  for  remote  sensing 
graduates  in  industrjr,  academia  and  government. 

3.  Northwestern  assistance  from  the  industry  and  government 
for  remote  sensing  educators. 

We  must  proceed  to  discuss  the  following  set  of  topics  to  complete 
our  agenda: 

4.  Currici  ivn  development, 

5.  Related  couri^e  work. 

6.  Degree  programs. 

7.  NASA  involvement. 

8.  Student  achievement . 

9.  Faculty  qualifications. 

10.  Intercollegiate  cooperation. 

11.  Remote  Sensing  Science  Council's  Role. 

12.  Recommendations  for  CORSE-79. 

These  topics  are  suggested  and  should  not  be  an  inhibition  to  dis- 
cussing other  interesting  topics  related  to  remote  sensing  education. 
With  this  lengthy  introduction,  the  stage  is  set  for  the  discussion 
of  the  twelve  topics  listed.  My  statements  will  often  be  opinions , 
but  where  it  is  possible,  I have  attempted  to  recall  and  to  estimate 
accurately  the  dimensions  of  the  tasks  posed.  More  importantly,  it 
is  the  definition  of  issues  that  I wish  to  set  forth  now. 

Who's  Who  in  Northwestern  Remote  Sensing  Education  ? 

The  purpose  served  in  identifying  the  particular  involvements 
in  regional,  remote  sensing  education  is  to  aid  the  many  who  are 
unacquainted  with  the  small  units  and  more  often  the  individuals 
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teaching  in  our  institutions.  A reputation  survey  is  out  of  order 
and  it  would  be  a deadly  instruaent  which  wt  should  oppose.  My  ex- 
perience chairing  the  University  Advisory  Comaittee  for  the  Land 
Resources  Inventory  and  Demonstration  Project  of  the  Pacific  North- 
west Regional  Coaaission  revealed  that  each  member  and  alternate 
had  a special  contribution  to  make  from  different  disciplinary  and 
methodological  perspectives.  As  a whole,  the  group  was  complementary 
and  gained  some  synergy.  We  all  gained  from  a better  knowledge  of 
each  other's  efforts. 

In  particular,  identification  of  special  classes,  special  re- 
search skills,  special  equipment  and  special  people  is  something  we 
all  would  relish.  It  would  facilitate  advancement  of  remote  sensing 
education,  if  we  each  were  committed  to  adding  to  our  preliminary 
inventories  and  to  monitoring  its  upkeep. 

Sizing  Up  the  Northwestern  Job  Market  in  Remote  Sensing 

A monumental  effort  has  been  made  by  researchers  in  Phase  IV 
of  the  Land  Resources  Inventory  Demonstration  Project  (ref. 2).  The 
Westerlund  and  Wilson  study  of  user  needs  shows  the  demand  for  remote 
sensing  operations  in  the  involved  state  and  local  planning  and  re- 
source management  agencies  (ref. 3).  They  have  identified  three  types 
of  demand:  (1)  All  Functions;  (2)  Priority  Functions;  and  (3)  Priority 
One  Functions  Only.  It  is  the  Priority  One,  data  processing  demand 
that  I am  using  in  the  following  estimate  of  the  annual  workload  for 
three  states.  If  these  agencies  can  attain  their  high  priority  ob- 
jectives, we  can  make  estimates  of  jobs  generated. 

The  following  are  assumptions: 
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1.0a*  Landtat  teen*  it  a basic  unit. 

2»  |2S0«000  is  th*  total  cost  tot  land  cover  in  a Landsat 
seen*  that  is  geoaetrlcally  corrected  and  verified  at 
85%  accuracy  for  th*  classification.  Multi-teaporal 
analysis  and  two-stage  classifications  are  assuaed. 

3.  One  third  of  the  effort  is  data  processing  and  product 
produeticn.  It  is  assuaed  that  these  have  equal  parts. 

4.  One  third  of  the  effort  is  photointerpretation  and  field 
surveys  to  select  training  fields  and  to  verify  classi- 
fication. It  is  assuaed  that  photo  interpretation  and 
field  surveys  are  equal  parts. 

5.  One  third  of  the  effort  is  adainistrative  overhead. 


6.  Jobs  generated: 

Person  Years 

1.0 

1.0 

.5 

.5 

.5 

.5 


4.0 


Remote  Sensing 
Specialties 

photo  interpreter 
resource  specialist 
cartographer 
data  processor 
statistician 

reaote  sensing  specialist 


These  nuabers  are  recent  and  coapetitive.  They  can  be  used 
directly  to  translate  the  workload  from  the  following  table: 
landsat  Data  Processing  in  Idaho,  Oregon  and  Washington: 

Equivalent  Scene  Area  Per  Year 


State 

All  Functions 

Priority 

Functions 

Priority  One 

Idaho 

25* 

15.9 

Functions  Only 
12.3 

Oregon 

30* 

11.1 

6.6 

Washington  25* 

9.0 

7.6 

Total 

80+ 

36.0 

26.5 

Source : 

Nesterlund  and  Wilson 

(ref. 3) , 

pages  42a 

and  b. 
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Assualng  Priority  One  Functions  Only  for  1980,  Priority  Functions 
for  198S  and  All  Functions  for  1990,  a projection  of  job  demand 
can  be  made: 

Forecast  of  New  Jobs  in  Remote  Sensing  for  the  Northwest  States 
of  Idaho.  Oregon  and  Washington:  1980,  1985,  and  1990. 


New 

Jobs 


400 

300 

200 

100' 

0 


• 320 


144 


no 


1978  1980  1985  1990 

Year 


At  the  present  time  100  individuals  have  been  listed  as  participants 
in  state  and  local  planning  agencies  in  the  three  states  (ref.  4) . 
Only  a fraction  of  that  number  are  full-time,  however.  The  Priority 
One  Functions  Only  represent  at  least  a twofold  increase  in  digital 
analysis  for  land  cover  at  the  current  level  of  effort.  The  curve  in 
the  projection  represents  the  beginnings  of  a growth  curve,  which  is 
increasing  at  an  increasing  rate.  It  is  also  the  most  difficult  to 
forecast,  which  can  encourage  a position  on  growth  that  is  too  con- 
servative . 

This  forecast  suggests  a northwest  job  market  for  1985  graduates 
as  follows: 
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1985  Job  Increase  in  Rtnaota  Sensing  in  Idaho,  Ortgon  and  Washington; 


Specialty  Number 

-photointerpreters  36 

-resource  specialists  36 

-cartographers  18 

-data  processors  18 

-statisticians  18 

-remote  sensing  18 

specialists  

144 


An  old  adage  Is,  '*If  you  believe  a forecast,  it  will  happen".  It 
Is  not  our  purpose  to  oversell  job  opportunities  to  potential  stu- 
dents. Rather,  we  need  to  anticipate  the  growth  In  state  and  local 
governmental  processing  of  Landsat  data.  .Also,  industry  use  of 
Landsat,  increased  use  of  conventional  methods  of  remote  sensing 
and  Alaska  are  not  included  in  this  forecast.  Nor  can  the  national 
job  market  be  assumed  as  twelve  times  these  forecasts,  because  uti- 
lization of  Landsat  has  been  promoted  in  the  Northwest  by  the  National 
Aeronautics  and  Space  Administration  (NASA)  and  the  United  States 
Geological  Survey  (USGS) . Nonetheless,  the  job  market  can  be  ex- 
pected to  grow  and  an  educational  demand  will  increase  for  universities 
and  state  colleges  in  the  northwestern  states. 

Who  Is  There  to  Help  ? 

Educators  look  for  documented  studies,  operations  specialists, 
data  resources,  data  products  and  facilities,  when  they  seek  a.ssis<.tnce 
from  government  and  industry  in  applied  technology,  landsat  applications 
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have  not  advanced  to  the  stage  where  either  industry  or  state  and 
local  governnent  offers  nore  than  elenentary  assistance.  We  are 
still  relying  upon  NASA  and  USGS  to  provide  technical  assistance, 
data  processing,  data  products,  documents  and  facilities,  even  though 
it  is  in  association  with  user  agencies  in  most  cases.  Research  and 
develo*'ment  has  not  been  a priority  in  efforts  involving  user  agencies. 
Demonstrations  and  potential  operations  have  been  the  objectives  of 
the  northwest  project. 

The  Regional  Applications  Program  in  NASA  has  a change  of  ob- 
jectives in  which  the  educational  needs  are  prominent. t Industry 
is  beginning  to  provide  service  on  a competitive  basis,  which  offers 
prospects  for  teaching  materials  and  assistance.  However,  most  com- 
panies are  in  no  position  to  be  benevolent  to  the  educator  without  a 
data  processing  budget.  Also,  competition  between  educational  units 
and  industry  is  to  be  avoided.  Research  development,  demonstration, 
and  testing  operations  can  all  be  within  the  public  service  role  of 
education,  but  providing  a regular  service  in  operations  of  state  and 
local  government  is  consulting.  A respectful  relationship  is  impera- 
tive to  developing  a job  market  for  students  in  industry  and  an  industry 
benevolent  to  education. 

As  3 matter  of  discussion  in  this  workshop,  we  should  identify 
the  firms  and  agencies  that  can  assist  and  would  welcome  educators. 

Our  region  does  not  havea  major  Landsat,  data  processing,  equipment 
manufacturer.  Thus,  industry  consists  mainly  of  consulting  firms. 

tWestern  Regional  Application's  Program  is  one  of  three  programs 
and  covers  fourteen  western  states. 
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Whtr«  ktn  Wt  Going  In  Rfott  S«niln£  Education  ? 

Nia*  topics  wtro  introduced  for  our  consideration  of  educational 
developnent  in  renote  sensing.  Each  of  these  topics  with  some  defi- 
nitions are  offered  here.  Our  task  is  to  set  goals  and  recommend 
actions  related  to  these  topics.  Tine  will  not  permit  either  a 
consensus  or  a vote  on  any  issue.  Individually,  we  must  begin  by 
stating  positions,  which  can  be  expected  to  result  in  a summary  of 
contradictions.  Nonetheless,  identifying  debatable  issues  in  this 
set  of  topics  is  a worthwhile  objective  of  our  workshop. 

Curriculum  Development 

Course  development  in  remote  sensing  and  remote  sensing 
applications  implies  a relationship  to  a curriculum.  It  is  assumed 
that  a course  or  sequence  of  courses  on  remote  sensing  may  exist 
in  the  curricula  of  several  different  disciplines.  At  the  outset, 
remote  sensing  as  a technology  is  distinguished  from  remote  sensing 
applications  such  as  forest  management  and  land  use  planning. 

Related  Course  Work 

Courses  in  which  one  or  more  class  sessions  are  devoted  to 
remote  sensing  topics  qualify  as  related  course  work.  Also,  there 
are  courses  like  cartography  and  information  systems,  which  are 
valuable  related  course  work.  The  two  types  of  course  work  include 
a remote  sensing  orientation  in  courses  and  courses  required  by  the 
"would  be"  remote  sensing  specialists. 

Degree  Programs 

A full  course  of  study  leading  to  a Bachelor  of  Science,  Master 
of  Science  or  Doctor  of  Philosophy  is  a degree  program.  A full  cur- 
riculum devoted  to  educating  remote  sensing  specialists  is  not  a 
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popultr  id«a  a»ong  educators.  Only  12.5%  of  the  jobs  generated 
in  the  preceding  forecast  vas  for  reaote  sensing  specialists.  An 
aceuaulative  set  of  eighteen  jobs  by  19S5  in  three  states  suggests 
the  prospect  that  one  saall  program  in  the  Northwestern  states  would 
be  all  that  could  be  justified  by  the  forecast.  The  tern  renote 
sensing  specialist  in  the  forecasts  Includes  both  the  technologists 
and  the  application  specialists,  which  further  conplicates  the  issue 
of  a single  degree  prograa  (ref. 5). 

NASA  Involvenent 

Most  educators  would  agree  that  the  tine  is  not  right  to  ask 
for  funding  of  new  programs  or  major  prograa  Investments  in  higher 
education.  The  rising  inflation  costs  are  aggravated  by  declining 
enrollments.  These  conditions  are  expected  to  prevail  into  the  1980* s. 
Both  state  universities  and  private  institutions  face  this  budget 
stress.  NASA  can  help  provide  technical  assistance,  data  processing, 
data  products,  documents  and  facilities  to  programs  that  are  likely 
to  produce  graduates  for  the  job  market.  Curriculum  development 
would  qualify  several  northwestern  institutions  for  this  comprehensive 
assistance.  Related  course  work  needs  assistance  with  provision  of 
teaching  materials. 

Student  Achievement 

Advancing  students  up  a learning  curve  is  predicated  upon 
existence  of  curricula  and  faculty  advisers.  Skill  acquisition  is 
a measure  of  achievement  in  remote  sensing.  However,  the  skills  are 
many  and  varied  amony  the  related  disciplines  that  are  valued  in  a 
remote  sensing  application.  Sharp  disagreements  exist  about  what 
literacy  is  in  this  field.  Must  a student  have  any,  part,  or  all 
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of  tht  foUowtiif: 

-physics  of  tho  rtfloctanco  of  tnorgits  In 
the  electronsgnetic  spectrum. 

-nep  projections  for  the  earth**’  surface 

-cartography 
-conputer  science 

-statistics 

-natural  systens 

-land  use 

•photointerpretation 

Degree  prograns  are  an  established  way  of  assigning  faculty  respon- 
sibility for  these  questions.  If  we  recoMend  less  that  degree 
prograns  in  curricular  development,  we  need  to  consider  the  way 
responsibility  for  student  achievement  is  to  be  met. 

Faculty  Qualifications 

Now,  we  ask  the  literacy  question  of  the  faculty.  Should  the 
list  be  longer  ? Is  a rigor  In  one  of  the  above  literacy  items  a 
requirement  ? Must  a faculty  member  have  publications  ? If  so, 
in  what  journals  ? Is  a doctoral  degree  a requirement  ? 

These  questions  we  ask  of  ourselves  rather  than  our  academic 
dean  asking  them  of  us.  The  questions  imply  affirmative  answers 
from  traditional  expectations  of  faculty.  Nothing  suggests  that 
remote  sensing  is  any  different  than  other  applied  technology  fields. 

It  is  recognized  that  the  involvement  of  individuals  in  remote  sen- 
sing applications  or  technological  developments  make  potential  teachers 
that  have  a valuable  contribution,  however.  All  remote  sensing 
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educators  need  help  In  getting  and  naintaining  pertinent  and 
tinely  knowledge  in  this  field. 

Intercolleaiate  Cooperation 

You  can  be  sure  reaote  sensing  educators  will  cooperate  when 
given  the  opportunity.  Every  institution  naaed  in  this  paper  is 
fragile.  That  is  to  «ayt  they  are  vulnerable  by  being:  (1)  funded 
with  short-tern  grants;  (2)  they  are  snail;  or  (3)  they  are  viewed 
as  novelties  by  their  acadenic  deans.  Each  of  these  vulnerabilities 
or  coabinations  of  then  could  be  the  basis  for  elinination  by  re- 
organization or  budget  cuts. 

Cooperation  is  essential  between  higher  educational  units, 
because  of  the  diversity  of  renote  sensing  technologies  and  appli- 
cations of  each  technology  to  a wide  variety  of  earth  resource  issues. 
No  pernutations  are  attempted  here,  but  the  point  is  clear  that  no 

remote  sensing  educator  is  an  island. 

Curriculum  development  as  defined  suggests  intercollegiate 
cooperation  is  important  within  large  universities,  too.  The  task 
of  educating  a specialist  without  a designated  degree  program  is 
possible  only  by  cooperation. 

Remote  Sensing  Science  Council's  Role 

The  Remote  Sensing  Science  Council  consists  of  one  representa- 
tive from  each  of  the  fourteen  states  in  the  Western  Regional  Appli- 
cations Program.  They  have  a mission,  which  is  general  enough  to 
include  all  of  the  issues  raised  in  this  paper.  We  are  asked  to  help 
them  define  their  role  in  this  organizing  period.  A University 
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Adviiory  CoMittft  ai  fix,  h§ad»4  hy  John  Bstts,  Univtrsit/  of 
CtllfornU  ft  Santa  Barbara,  hat  bttn  aatlgntd  th«  organising  task 
with  toaa  funding.  Barry  Schruaff  froa  Oragon  State  University  it 
the  northwettern  rapretentative  in  this  endeavor. 

If  we  can  ettablith  priorities  in  this  workshop,  they  should 
bo  teat  with  any  other  recoaaendationt  to  the  Reaote  Sensing  Science 
Council  for  review,  ’"t  should  expect  the  Council  to  be  advocates  in 
our  behalf  who  will  pursue  funding  for  reaote  sensing  education. 
kecoaaendations  for  CORSB-79 

Ny  opening  coaaents  laaented  the  fact  that  the  job  assigned  to 
us  could  not  be  coapleted  by  CORSE>78.  We  need  to  set  the  objectives 
for  this  sane  workshop  in  CORSE>79.  The  job  should  be  within  our 
reach,  and  e should  aake  individual  contributions  to  the  detail  re- 
quested in  the  inventories. 

Suaaary 

Landsat  denonstrations  projects  and  assistance  froa  USGS  and 
RASA  have  enabled  us  to  advance  to  a serious  consideration  of  our 
collective  goals  as  reaote  sensing  educators.  Several  respectable 
yet  fragile  units  have  been  foraed  in  the  four  states  - Alaska,  Idaho, 
Oregon  and  Washington.  Generation  of  new  jobs  in  the  region  by  Landsat 
data  processing  offers  justification  for  curricular  developaent  in 
several  institutions.  However,  no  wore  than  one  new  degree  program 
for  reaote  sensing  specialists  is  justified  by  the  forecasts  of  jobs. 
Six  universities  have  shown  a coaaitaent  to  reaote  sensing  education. 
Cooperation  among  educators  is  eaaential  and  likely  to  occur  with 
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fintnciml  Aisittanct  from  NASA.  Siatlar  cooperation  with  industry 
and  state  and  local  governaent  is  necessary  for  reaote  sensing  edu* 
cators  interested  in  applications  of  the  technologies.  An  increased 
funding  of  research  and  developaent  of  reaote  sensing  technologies 
is  needed  within  the  northwestern  states. 

High  standards  for  student  achieveaent  and  faculty  qualifications 
are  a responsibility  to  be  assuaed  by  our  loose  federation.  Coapetition 
aaong  ourselves  and  strict  definitions  of  the  field  are  discouraged. 
Rather,  we  aust  lend  support  to  one  another  and  pursue  a coapleaentary 
and  synergistic  educational  enterprise  in  our  region. 
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COMHEWTAHY  BY  PAHEUSTS 

(Addition  w ft.b.  Efim  liper  CWSE  *78  11-22-78) 

PiuU  Krtbt.  Univtrtitjr  of  Altsk«  in  Fairtinks,  explained  the  role  of  the 

Geophysics  Institute  in  resources  manasement,  geology,  geomorphology,  land 

% 

use  and  off  shore  ice  as  related  to  remote  tensing  applications.  Demand 
from  state  agencies  is  large  enough  to  Justify  25-30  people  In  the  next  few 
years  and  double  that  2»(XX).  The  data  base  and  resource  people  for  aerial 
photointerpretatimi  and  landsat  data  must  be  developed.  The  urgent  need  is  ibr 
people  and  makes  curriculum  development  essential. 

# 

Bruce  Frazier.  Washington  State  University,  spoke  to  the  grading  of  soil  for 
forests  lands  by  the  Department  of  Natural  Resources  In  the  State  of  Washingion 
as  a leading  application.  The  scope  of  the  activity  Is  9 million  acres  of 
forest  land.  Fish  and  wildlife  projects  have  Included  wetlands  Interpretatlrn 
for  habitat  by  remote  sensing.  Aerial  applications  of  fertilirers  and  insecticides 
have  people  are  nwnltorini  crops  In  color  Infrared  to  determirse  the 
condition  of  crops.  These  applications  are  not  seen  as  Job  generators  since 
people  who  are  already  there  are  being  retrained  to  use  new  information. 

Forestry  landscape  architecture  and  soils  science  students  at  Washington  Stale 
University  are  the  clientele  in  curriculum  development.  Most  of  the  communit> 
colleges  have  photointerpretation  and/or  map  reading.  Reference  was  made  to  the 
University  of  Washington  by  the  wderator  with  names  of  Individuals  teaching 
remote  sensing. 

Joe  Col cord.  Civil  Engineering  at  the  University  of  Washington,  listed 
several  people  and  suggested  that  a broad  definition  of  remote  sensing  would 
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produce  a set  of  courses  like  those  of  the  University  of  Arizona. 


Joe  U1 liman.  University  of  Idaho,  began  by  explaining  that  their  involvement 
in  new  remote  sensing  applications  have  been  limited  to  the  Land  Resources 
Inventory  and  Demonstration  Project  of  the  Pacific  Northwest  Regional  Commission. 
Several  courses  in  forestry,  geology,  agriculture  and  cartography  were  listed. 
Agencies  have  to  start  using  the  remote  sensing  techniques  before  curricular 
develo(xnent  is  meaningful  to  students. 

Barry  Schruropf,  Oregon  State  University,  stated  that  11  community  colleges  offering 
photointerpretation  in  the  State  of  Oregon  in  forestry,  civil  engineering, 
geology,  and  geography  three  state  colleges  and  two  state  universities  are 
teaching  remote  sensing.  Of  29  courses  4 mention  remote  sensing  in  their 
description.  Only  one  course  deals  with  digital  processing.  The  goal  has  to 
be  how  to  integrate  the  more  recent  remote  sensing  techniques  with  traditional 
remote  sensing  techniques  into  a valid  teaching  method.  The  students  need  both 
in  their  future  jobs. 

An  Army  National  Guard  unit  in  Salem  has  support  capabilities  for  agencies 
around  the  State  of  Oregon.  One  thing  that  is  really  needed  is  a presentation 
of  the  advantages  of  Landsat  data  over  conventional  techniques  by  those  who 
are  involved  in  more  recent  applications. 

His  disagreement  with  the  projections  made  in  the  body  of  the  paper  were  the 
dominance  of  Landsat.  He  thinks  the  choice  between  conventional  techniques 
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and  Undsat  data  analysis  will  reduce  the  ntanber  of  jobs  projected.  Another 
point  Is  that  the  Pacific  Northwest  Regional  Connisslon's  project  was  subsidized. 

If  the  subsidy  continues.  It  Is  likely  the  projections  will  be  realized. 

Only  three  state  agencies  In  Oregon  are  known  to  have  Initiated  projects  with 
their  own  funds  to  do  Landsat  data  analysis. 

It  1$  possible  that  the  U.S.  Forest  Service  will  decide  to  adopt  Landsat  data 
analysis.  If  they  do  and  they  establish  centers  for  users  in  multistate 
regions,  the  opportunities  for  applications  and  analysis  by  universities  may 
dry  up. 

Charles  Rosenfeld,  Oregon  State  University,  commented  on  the  lack  of  conventional 
application  in  the  Pacific  Northwest  Regional  Commission  Project.  He  attributed 
this  lack  to  NASA's  Interest  In  seeing  Landsat  utilized.  He  went  to  enumerate 
the  capabilities  of  the  Atmy  National  Guard  Unit  In  Oregon  and  several  applications 
to  demonstrate  the  interest  of  agencies  remote  sensing  techniques  other  than 
Landsat. 

Joe  Col  cord  noted  that  there  are  no  more  than  10  firms  In  the  private  sector  in  the 
Pacific  Northwest.  Regardless  of  how  many  Individuals  they  employ,  each  person 
would  have  to  have  considerable  breadth  of  knowledge.  As  such.  It  does  not 
offer  a market  and  without  federal  funding  several  In  the  room  would  be  looking 
for  work. 
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R.J.  Murray.  Oregon  State  University,  stated  that  Landsat  is  the  only  available 
digital  data.  Because  of  that  we  are  using  Landsat  for  a wide  variety  of  applications. 

Washington  State  OepartiMnt  of  Natural  Resources  index  of  aerial  photography 
and  Landsat  data  was  held  up  as  a nrndel  for  other  states  by  Joe  Colcord. 

It  dates  from  1949.  Barry  Schnmpf  noted  that  the  Department  of  Forestry 
in  Oregon  issues  an  annual  index.  Joe  Ulliman  pointed  to  Idaho  Division 
of  Land.  Paula  Krebs  noted  that  the  Bureau  of  Land  Management  and  the  EROS 
Program  in  the  Geophysical  Institute  in  Fairbanks  are  catalogued  together. 

None  of  the  other  examples  were  considered  equal  to  Washington  DNR. 

Panel  members: 

John  Miller,  University  of  Alaska 
Barry  Schrumpf,  Oregon  State  University 
Joseph  Ulliman,  University  of  Idaho 
Bruce  Frazier,  Washington  State  University 
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CONFERENCE  OF  REMOTE  SENSING  EDUCATORS 
Northeastern  States  • Regional  Academic  Group 

Workshop  Report 

Introduction 

This  paper  reports  the  significant  dialogue  contained  in 
the  Northeastern  States  Regional  Workshop  on  June  28,  1978  in 
Tresidder  Memorial  Union  at  Stanford  University.  The  workshop 
panel  included  Frederick  L.  Gerlach  (Chairman),  William  A.  Dando, 
Joseph  Ashley,  and  Victor  I.  Myers.  In  attendance  and  partici- 
pating in  the  discussions  were  Drs.  Donald  Moore  and  Frederick 
Westin,  South  Dakota  State  University;  Paul  Seevers,  University 
of  Nebraska;  Michael  McCormick,  WRAP  liaison  officer;  and  Robert 
M.  Barlow,  National  Space  Technology  Laboratories. 
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The  objectives  of  the  workshop  were  stated  as  follows; 

1)  define  remote  sensing  education  problems  having  regional 
importance;  2)  define  problems  of  institutional  or  state  im- 
portance; 3)  assemble  technical  data  relating  to  remote  sens- 
ing educational  services;  4)  discuss  and  attempt  to  define 
the  ways  and  means  for  solving  regional  problems;  and  4)  im- 
prove remote  sensing  education. 

To  facilitate  the  discussion,  each  panel  member  presented 
statements  concerning  conditions  relative  to  their  states  and 
institutions.  These  statements  follow  in  the  order  in  which 
they  were  presented. 

South  Dakota  State  University  (Brookings) 

South  Dakota  State  University  is  enhanced  by  the  Remote 
Sensing  Institute,  which  has  been  actively  engaged  in  remote 
sensing  research  and  the  support  of  remote  sensing  education 
since  1969.  The  RSI  was  established  for  research  purposes 
wherein  the  member  researchers  generally  have  teaching  respon- 
sibilities and  may  have  academic  status.  Under  the  direction 
of  Professor  Victor  I.  Myers,  RSI  provides  both  direct  and  in- 
direct support  to  remote  sensing  within  the  university.  The 
approach  considers  remote  sensing  as  a tool  within  the  traditional 
fields  of  agriculture,  range  science,  soils,  geography,  hydrology, 
geology,  engineering,  etc.  The  primary  academic  support  from 
RSI  is  directed  toward  graduate  level  education.  Graduate 
degrees  are  pursued  under  the  traditional  departmental  structure 
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with  RSI  providing  the  students  with  fellowship  funds,  labora- 
tory space,  instruments,  ongoing  research  problems,  and  the 
expert  consultation  of  member  researchers.  The  RSI  recruits 
graduate  students  having  capabilities  and  interests  allied  to 
curient  research  projects.  The  RSI  serves  graduating  students 
in  their  search  for  job  opportunities.  Accordingly,  graduate 
degiee  candidates  having  some  specialization  in  remote  sensing 
are  considered  to  have  better  than  average  employment  oppor- 
tunities . 

A number  of  students  in  the  university  are  employed  by  the 
RSI  resulting  in  a significant  level  of  technology  transfer  by 
asscciation.  For  example,  their  student  employees  become  aware 
of  the  wealth  of  information  products  available  to  the  state 
through  the  RSI,  the  EROS  Data  Center,  and  other  remote  sensing 
facilities . 

Undergraduate  education  is  traditionally  departmentally 
oriented.  University  courses  available  include  photogrammetry, 
photo  interpretation,  remote  sensing,  and  related  supporting 
courses  in  computer  science,  pattern  recognition,  statistics, 
optics,  photo  sciences,  and  instrumentation.  Significantly, 

Dr.  Donald  Moore  has  developed  a formalized  training  program 
within  the  RSI  utilizing  visiting  scientists  and  remote  sensing 
cohjultants  to  train  resource  oriented  remote  sensing  special- 
ist* . 

Some  problems  do  accrue  from  the  organizational  lines  be- 
tween the  university  and  the  RSI.  Remote  sensing  education 
within  the  university  would  benefit  if  greater  use  were  made  of 
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RSI  expertise  in  the  development  of  curricula,  course  structure, 
and  in  teaching  remote  sensing  courses.  Relatedly,  there  is 
weak  library  facility  support  in  the  remote  sensing  area.  The 
university  library  does  not  support  this  area  well.  RSI  pur- 
chases books  and  periodicals  to  fulfill  researchers'  needs, 
and  has  established  a substantial  library  within  the  Institute. 

The  proximity  and  cooperation  of  the  EROS  Data  Center  tends  to 
alleviate  a library  problem  for  research,  but  the  problem  remains 
for  undergraduate  and  graduate  education  within  the  university. 

In  addition  to  the  offerings  at  South  Dakota  State  University, 
the  School  of  Mines  (Rapid  City,  South  Dakota)  now  offers  an 
experimental  course  in  remote  sensing  (Geology  599)  and  a course 
in  radar  meteorology. 

It  is  apparent  that  the  RSI  is  a significant  force  in  remote 
sensing  education  in  South  Dakota.  It  has  worked  with  many 
federal  and  state  agencies  and  foreign  governments  endeavoring 
to  fulfill  information  needs  through  remote  sensing.  Its  many 
research  and  development  activities  are  tabulated  in  the  CORSE- 78 
paper  "Remote  Sensing  Research  Activities  Related  to  Academic 
Institutions"  by  V.I.  Myers. 

University  of  North  Dakota  (Grand  Forks) 

UNDIRS,  the  University  of  North  Dakota  Institute  for  Remote 
Sensing,  was  founded  in  1975.  Organizers  were  Dr.  Roliif.d  'j. 

Mower  and  Dr.  Gary  D.  Johnson.  The  institute  was  orgauizritionallv 
structured  within  the  Department  of  Geography.  An  executive  com 
mittee  was  appointed  by  the  Director  (R.D.  Mower).  The  committee 
members  were  Drs.  R.D.  Moe  (Engineering),  Associate  Director; 
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William  A.  Dando  (Geography),  Executive  Secretary  and  Depart- 
ment Chairman;  E,  Shuhert  (Biology);  L.  Clayton  (Geology); 

J.  Huppman  (Engineering);  S.  Snyder  (Anthropology);  and  G. 
Johnson  (Geography) . The  executive  committee  drafted  a 
constitution  and  by-laws,  set  goals  and  priorities,  and  de- 
termined the  criteria  for  membership  in  the  institute. 

The  Institute  of  Remote  Sensing  was  announced  to  all 
federal,  state,  and  local  agencies  and  private  companies  within 
the  State  of  North  Dakota,  About  40  members  have  been  accepted 
into  the  UNDIRS,  Grants  have  been  received  and  some  equipment 
purchased.  Also,  the  university  has  allocated  capital  pur- 
chases for  the  UNDIRS. 

Four  new  courses  in  remote  sensing  were  approved.  They  are 
Introduction  to  Remote  Sensing  (Geography  275),  Remote  Sensing 
Applications  and  Analysis  (Geography  47S),  Remote  Sensing 
Systems  (Engineering  375),  and  Seminar  in  Applied  Remote  Sens- 
ing (Geography  595).  These  new  courses  were  combined  with  a 
series  of  existing  courses  to  form  a substantial  offering  of 
courses  in  the  field  of  remote  sensing.  The  existing  courses 
are  Graphics  and  Airphoto  Interpretation  (Geography  422),  Semi- 
nar in  Research  and  Writing  (Geography  520) , four  Cartographic 
courses,  a Map  Interpretation  course,  Quantitative  Application 
in  Spatial  Problems,  Airphoto  Interpretation  for  Geologists, 
and  associated  courses  in  mathematics,  computer  science,  and 
engineering.  UNDIRS  believes  these  courses  provide  a sound 
undergraduate  and  graduate  program  in  geography  and  all  the 
related  fields  of  those  involved  in  the  institute. 
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Currently,  six  persons  teaching  in  the  prograa  have  had 
graduate  training  in  reaote  sensing.  They  and  their  responsi- 
bilities are:  Drs.  R.D.  Mower,  Geography  (UNDIRS  Director, 

Land  Use,  Remote  Sensing  Education,  and  the  Governor's  Council); 
Gary  D.  Johnson,  Geography  (Agriculture,  Environmental  Prob- 
lems, Land  Use,  Serving  in  the  Governor's  Office);  R.D.  Moe, 
Engineering  (Engineering  Hardware);  P.  Bein,  Geography  (Air- 
photo Interpretation,  Selected  Aspects  of  Graphic  Analysis, 

Graph  Theory,  Computer  App..xcations) ; Ken  Langren,  Geography 
(Computer  Applications,  Remote  Sensing);  and  D.  Clayton,  Geology 
(Airphoto  Interpretation  in  Geology) . 

Approximately  20  undergraduate  and  10  graduate  students, 
are  majoring  in  some  aspect  of  remote  sensing  in  geography. 
Majors  or  minors  in  remote  sensing  in  other  departments  are 
not  known. 

The  UNDIRS  has  access  to  or  has  secured  adequate  equipment 
to  develop  a program.  It  does  not  have  equipment  of  the  nature 
necessary  to  expand  its  program.  Probably  not  much  additional 
equipment  will  be  purchased,  and  development  will  probably  rely 
on  the  university's  computer.  The  equipment  used  most  fre- 
quently includes  a Richards  Light  Table,  Bausch  S Lomb  Zoom 
Transferscope,  Bausch  § Lomb  Stereoscopes,  Zeiss  Stereoscopes, 
Vara  Scan  Viewers,  a complete  cartographic  laboratory,  and  a 
super  photographic  darkroom  complete  with  a precision  copy 
camera.  The  UNDIRS  has  an  LSI  ADM  information  display  terminal, 
DEC  and  other  type  printers,  field  plotters,  and  other  automated 
equipment.  The  terminals  provide  access  to  three  computer  sys- 
tems including  the  IBM  370/148.  A complete  software  library  has 
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been  developed  including  standard  packages,  ORSER,  and  CMS- 2. 

For  research  purposes,  sensors,  aerial  camera,  image  acquisi- 
tion, and  processing  are  contracted. 

Five  major  research  projects  are  in  progress.  Recent 
publications  include  2 books,  4 monographs,  12  professional 
papers,  and  7 reviews.  The  Institute  has  sponsored  two  inter- 
national synnposiums  (funded)  and  serves  as  a consultant  for  a 
number  of  foreign  nations.  Under  the  direction  of  R.D.  Mower, 
the  institute  has  achieved  statewide  acceptance  and  the  support 
of  the  Governor. 

The  University  of  North  Dakota  has  requested  from  the  state 
a budget  of  $152,000  for  the  Institute  of  Remote  Sensing.  The 
UNDIRS  has  developed  a different  program  which  should  be  con- 
sidered unique. 

Montana  State  University  (Bozeman) 

The  program  of  instruction  in  remote  sensing  at  Montana  State 
University  includes  four  courses  which  may  be  generally  described 
as  photo  interpretation.  Presently,  the  offerings  include  a 
course  in  the  Department  of  Earth  Science,  a course  in  Plant  and 
Soil  Sciences,  and  two  courses  in  Civil  Engineering.  The  De- 
partment of  Earth  Sciences  was  offering  a course  in  photo  inter- 
pretation in  1965.  This  was  dropped  in  1971  due  to  the  transfer 
of  a faculty  member,  and  reinstated  last  year  under  the  direction 
of  Dr.  Joseph  Ashley.  The  course  under  the  Department  of  Plant 
and  Soil  Science  is  the  responsibility  of  Dr.  Gerald  Nielsen, 
and  the  program  in  Civil  Engineering  is  directed  by  Dr.  Donald 
Reichmuth. 
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The  program  status  appears  to  be  on  the  threshold  of 
achieving  continuity.  The  ^instated  course  under  Earth 
Sciences  emphasized  physical  geography,  geology,  and  land 
use  analysis  utilizing  airphoto  interpretation  techniques. 

This  course  is  presently  limited  to  16  students.  There  is 
an  indicated  growth  in  student  enrollment  in  all  four  courses, 
resulting  in  greater  awareness  within  the  three  departments  of 
the  importance  of  remote  sensing  education.  There  are  signifi- 
cant limitations  of  teaching  equipment  and  materials.  A clear 
need  for  administrative  recognition  of  this  problem  was  ex- 
pressed. If  greater  continuity  is  to  be  achieved,  resources 
need  to  be  allocated  to  the  purchase  of  equipment  for  teaching. 


On  the  positive  side,  MSU  was  host  to  the  NASA  training 
session  for  the  WRAP  demonstration  project  trainees.  This 
brought  professionals  and  technicians  from  state  agencies  to  the 
university  for  training  in  remote  sensing.  Several  faculty  members 
joined  the  trainee  group,  further  emphasizing  a need  for  an 
awareness  of  the  importance  of  remote  sensing  education.  Imagery 
used  in  this  course,  supplied  by  NASA,  was  given  to  the  univer- 
sity for  use  in  instruction.  This  supplies  new  Landsat  imagery, 
high  altitude  U-2  imagery,  and  relatively  recent  1:20,000  aerial 
photography  for  instructional  purposes,  resulting  in  partial 
solution  of  the  materials  problem. 

Under  the  present  program,  it  is  possible  for  students  to 
receive  credit  for  two  of  the  four  courses  offered. 
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One  of  the  incentives  for  the  Department  of  Earth  Sciences 
to  reinstate  the  photo  interpretation  course,  is  the  interest 
being  shown  by  state  agencies,  reiterating  the  need  for  this 
kind  of  educational  service.  As  the  agencies  become  acquainted 
with  landsat  and  digital  analysis  products,  their  needs  will 
probably  grow.  The  university  is  not  capable  of  this  kind  of 
instructional  coverage  now,  but  may  be  in  the  future. 

University  of  Montana  (Missoula) 

The  School  of  Forestry  at  the  University  of  Montana  has  had 
a significant  impact  on  remote -sen sing  education  for  many  years. 
Following  the  acquisition  of  the  28,000-acre  Lubrecht  Experimental 
Forest,  aerial  photography  was  produced  in  1938  to  coincide  with  a 
;> round -control  survey  of  the  area.  Subsequently,  a topographic  map 
was  produced  using  techniques  employing  this  data  in  radial-line 
control  extension  and  multiplex  plotting.  Charles  W.  Bloom,  a forest 
surveying  instructor,  directed  this  work  and  incorporated  the  results 
of  his  work  in  his  teaching. 

Although  no  formal  courses  developed,  airphoto  interpretation 
instruction  was  included  in  courses  in  forest  mensuration  and 
management  until  1953.  That  year,  a course  in  Airphoto  Inter- 
pretation was  introduced  by  Professor  Thomas  Waldbrldge.  This 
course  was  continued  until  1957  under  the  direction  of  James  R. 
Wallis.  In  1958,  two  new  courses  in  Aerial  Photographic  In- 
terpretation were  introduced  by  Frederick  L.  Gerlach,  who  has 
directed  this  program  in  the  School  of  Forestry  sincu  then.  In 
1965,  curriculum  changes  added  two  courses  under  the  titles 
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Air  Photo  Analysis  and  Adst^ai.c^d  Airphoto  Analysis.  The 
latter  course  included  an  analysis  of  problems  involved  in  the 
use  of  remote  sensing  media  and  the  evaluation  of  remote  sensing 
sources  for  resource  information.  In  1969,  courses  in  Advanced 
Aerial  Photogramme try  and  Aerial  Remote  Sensing  were  introduced. 

The  latter  was  the  first  university- level  course  to  be  offered 
under  the  title  in  the  State  of  Montana. 

Other  departments  of  the  University  of  Montana  having  interests 
in  the  remote  sensing  field>*over  time  include  geology  and  geography. 
In  1958,  the  Department  of  Geology  introduced  a course  in  the 
Interpretation  of  Aerial  Photos  and  Geologic  Maps.  The  Department 
of  Geography  included  aerifil  photo  evaluation  in  a course  in  Map 
Interpretation,  and  geology  dropped  their  course  in  1970.  Geo- 
graphy introduced  Map  and  Airphoto  Interpretation  and  geology 
offered  Topics  in  Surface  Processes  and  Remote  Sensing  in  1974. 

The  assistance  of  the  Region  One  Offices  of  the  U.S.  Forest 
Service  is  significantly  related  to  our  program  development. 
Particularly,  the  cooperation  of  the  Geometric  Services  Unit 
(formerly  the  Aerial  Photogrammetry  and  Mapping  Section)  of  the  Divi- 
sion of  Engineering  has  been  most  beneficial  to  our  instructional 
mission.  This  unit  has  been  maintained  as  a complete  and  modern 
photogrammetric  mapping  facility  since  the  early  1930’s,  The  1938 
mapping  of  Lubrecht  Experimental  Forest  was  completed  through 
the  assistance  of  this  unit.  Most  of  the  high-quality  aerinl 
photography  and  photographic  reproductions  used  in  our  courses 
have  been  produced  by  this  unit.  Their  laboratories  and  facilities 
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have  provided  students  with  field- trip  observation  of  photogrammetry 
and  remote  sensing  in  action.  In  advanced  courses,  photogrammetry 
and  remote  sensing  students  have  gained  laboratory  experiences 
in  an  operational  atmosphere. 

A listing  of  courses  offered  at  the  University  of  Montana 
may  be  appropriate  to  a definition  of  present  programs.  The 
courses  available  at  the  present  time  include  Map  and  Airphoto 
Interpretation  (Geography  287) , Aerial  Photogrammetry  (Forestry 
351),  Advanced  Aerial  Photogrammetry  (Forestry  450),  Aerial 
Remote  Sensing  (Forestry  451),  Advanced  Image  Analysis  (Forestry 
454),  Problems  in  Aerial  Photogrammetry  and  Remote  Sensing 
(Forestry  499),  and  Topics  in  Surface  Processes  and  Remote  Sensing 
(Geology  594).  There  are  more  courses  available  (Mathematics, 
Physics,  Statistics,  Computer  Science,  Cartography,  etc.)  de- 
signed for  specialization  in  the  remote  sensing  field. 

The  School  of  Forestry  has  supported  a graduate  program  in 
photogrammetry  and  remote  sensing  at  the  master's  degree  level 
since  1950.  The  first  master's  thesis  in  the  aerial  inventory 
of  forest  stands  was  produced  in  1953.  Since  then,  nine  masters 
theses  have  been  produced  in  the  remote  sens ing- related  program 
in  forestry.  Two  more  are  scheduled  for  completion  this  year. 
Several  master's  degrees  with  some  remote  sensing  specialization 
have  been  completed  in  the  Departments  of  Geology,  Geography 
and  Environmental  Studies. 

Although  consideration  has  been  given  to  the  development 
of  a degree  program  in  remote  sensing,  the  financial  support 
required  for  such  a program  has  not  been  availabie.  Present 
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freezing  of  salaries  due  to  a legislative  student- faculty 
ratio  requirement.  Although  the  School  of  Forestry  exceeded 
the  requirement,  three  faculty  positions  were  lost.  Other 
limitations  include  financing  for  teaching  equipment  and 
teaching  materials. 

Students  working  toward  the  degrees  of  Bachelor  of  Science 
in  forestry  and  Bachelor  of  Science  in  resource  conservation 
probably  have  the  greatest  opportunity  to  develop  a remote 
sensing  specialty.  With  45  or  more  free-elective  credits,  they 
can  assemble  a series  of  courses  beginning  with  mathematics  and 
physics  that  will  provide  them  with  a good  natural  resource 
oriented  remote  sensing  specialization.  Pr-isently,  we  probably 
graduate  about  ten  students  a year  who  have  ten  or  more  credits 
directly  in  remote  sensing. 

The  course  Forestry  351  has  continuously  had  the  largest 
enrollment  of  any  courses  at  the  university  in  the  field  of 
remote  sensing.  This  is  a basic  course  in  photogrammetry  and 
remote  sensing.  For  the  past  three  years,  it  has  enrolled  over 
100  students  (125  this  year).  Most  are  forestry  students, 
but  the  course  does  attract  students  from  other  departments. 
Enrollments  in  Forestry  450  and  451  have  varied  much  over  the 
years,  averaging  about  six  in  450  and  15  in  451.  These  enroll- 
ment.‘i  are  expected  to  increase. 

Given  the  financing  and  the  identity,  we  could  develop  an 
excellent  specialization  in  aerial  remote  sensing.  It  would 
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be  a natural-resource-based  program  having  a foundation  in 
basic  physical  and  natural  sciences,  a biological  and  tech- 
nological framework,  and  an  orientation  toward  integrated 
resource  inventory.  The  elements  of  such  a program  presently 
exist  at  the  University  of  Montana.  The  initiation  of  an  under- 
graduate program  in  remote  sensing  would  depend  on  the  allocation 
of  faculty  time,  funding  for  laboratory  equipment  and  materials, 
and  the  support  of  the  university  and  departmental  administration. 

In  cooperation  with  the  University  Continuing  Education 
Program,  the  School  of  Forestry  sponsored  a very  successful 
short  course  on  Aerial  Photogrammetry : Mapping  Natural  Resources 

in  March  1978.  There  were  45  applicants  for  the  course  having 
an  enrollment  limit  of  25.  The  response  to  this  course,  during 
and  after,  was  gratifying.  The  success  demonstrates  clearly 
the  transformation  of  a latent  demand  in  recent  years  into  a real 
demand  for  remote  sensing  education  at  technical  and  professional 
levels  in  a regional  context.  Plans  for  repeat  offerings  of  this 
course  and  other  courses  in  the  field  are  active. 

The  School  of  Forestry  provides  laboratory  space  for  teaching 
photogrammetry  and  remote  sensing  at  the  basic  and  advanced  levels 
This  space  is  nearly  adequate  for  the  present  program,  but  it 
would  not  support  expansion  without  more  complete  dedication  of 
the  space  and  improved  equipment  in  the  laboratories.  Other  depart 
ments  have  similar  conditions.  The  Department  of  Geography  hopes 
to  occupy  space  for  a cartography  laboratory  soon. 

There  is  a significant  shortage  of  equipment  for  teaching 
photogrammetry  and  remote  sensing  at  the  basic  level.  For  example 
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lighting*  light  tables*  quality  stereoscopes*  stereometers, 
precision  scales*  etc.  are  not  available  on  an  individual 
student  basis. 

For  more  advanced  work*  the  School  of  Forestry  has  avail- 
able a number  of  instruments  including  a Zeiss  Stereotop,  a 
Balplex  ER-5S  projection  plotter*  two  Belfort  (Kelsh  type) 
projection  plotters*  stereoscopes*  stereometers*  and  a well* 
equipped  photographic  darkroom.  The  Department  of  Geology 
has  a Gaileo  Stereomicrometer*  a Bausch  and  Lomb  Zoom  Transfer 
Scope*  a Zoom  240  Stereoscope*  Richards  Light  Table  and  an 
optical  projection  image  analyzer.  The  university  computer 
center  has  a DEC-20  computer  and  a Calcomp  plotter;  the  Forestry 
and  Geology  departments  have  computer  terminals  and  mini-computers. 
These  facilities  and  instruments  are  shared  by  advanced  students. 

The  purpose  of  this  report  has  been  to  present  a situation  in 
remote-sensing  education  that  has  been  active  for  many  years;  one 
that  has  grown  steadily  over  time;  and  one  that  has  had  a sig- 
nificant impact  over  time.  (More  than  1400  students  have  taken 
courses  in  photogrammetry , photo  interpretation,  or  remote 
sensing  since  1957.)  Remote  sensing  education  will  continue 
to  grow  at  the  University  of  Montana.  Considering  the  present 

f, 

restrictions  on  education  funding,  this  growth  will  not  be 
rapid  nor  will  there  be  significant  improvements  in  quality. 

Given  additional  funding  for  remote  sensing  education,  our 
^ programs  can  achieve  substantial  improvements. 

I Discussion 

There  was  general  agreement  in  the  group  recognizing 
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remote  sensing  as  a tool  within  the  traditional  academic 
disciplines,  in  the  present  context,  as  opposed  to  structuring 
remote  sensing  education  as  a new  discipline.  It  is  probable 
that  the  institutions  in  this  region  can  provide  better 
educational  service  in  this  philosophical  mode,  which  still 
allows  for  both  undergraduate  and  graduate-level  majors  in 
remote  sensing  within  departmental  areas.  This  route  for 
remote  sensing  education  is  being  utilized  at  the  University 
of  North  Dakota,  the  University  of  Montana,  and  South  Dakota 
State  University. 

Both  North  Dakota  and  South  Dakota  have  provided  identity 
and  demonstrated  a commitment  to  remote  sensing  research  by 
the  establishment  of  institutes.  Although  of  recent  entry 
into  the  field  of  remote  sensing,  the  University  of  North  Dakota 
has  made  significant  progress  in  identifying  and  coordinating 
the  intra- dependent  activities  of  remote  sensing  education, 
research,  and  service. 

It  seems  clear  that  there  is  little  opportunity  for  expanding 
the  educational  services  within  the  region  without  the  allocation 
of  more  resources  to  this  endeavor.  The  limitation  results 
from  the  intense  competition  for  available  resources  within 
the  university  community.  In  relation  to  this,  there  may  be 
some  lack  of  acceptance  of  remote  sensing  within  some  institu- 
tions, which  may  be  due  to  a lack  of  identity  within  these 
institutions.  That  this  identity  could  be  achieved  by  the 
establishment  of  departments  of  remote  sensing  and  remote  sensing 
curricula  is  paradoxical. 
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Discussion  of  the  acceptance  and  identity  problem 
reveals  a lack  of  definition  for  the  field  of  remote  sensing. 

Since  remote  tensing  methods  are  employed  in  so  many  disciplines, 
this  condition  may  be  natural.  But  it  is  still  an  apparent  barrier 
to  significant  improvements  in  remote  sensing  education  at  the 
university  level.  The  following  definition  of  the  field  of 
remote  sensing  is  offered  for  your  critique. 

The  integrated  disciplinary  design  and  use 
of  airborne  and  spaceborne  remote  sensing  systems  for 
the  acquisition  of  earth  resource  information.  Where- 
in these  systems,  instruments  are  used  to  produce 
images  or  data,  effectively  extending  human  physiological 
capabilities  through  time,  space,  and  the  electro- 
magnetic spectrum  and  involving  all  of  the  problems 
associated  with  spatially  positioning  and  interpreting 
the  image  or  data  output  of  the  systems. 

F.L.  Gerlach,  1971 

Summary 

Most  of  the  problems  discussed  relate  specifically  to  the 
availability  and  use  of  teaching  personnel,  teaching  equipment, 
laboratory  space,  and  teaching  materials.  Administrative  commit- 
ment and  the  allocation  of  resources  to  remote  sensing  education 
are  the  apparent  solutions.  These  solutions  may  be  obtainable 
through  more  and  better  public  visibility  and  political  efforts 
on  behalf  of  remote  sensing  education. 

The  Northeastern  States  Academic  Group  believes  that  this 
conference  (CORSE- 78)  has  been  a significant  step  toward  the 
improvement  of  remote  sensing  education.  We  have  had  the  opportunity 
to  know  each  other  better,  to  discuss  our  mutual  problems,  and  to 
share  our  experiences  in  this  exciting  field.  Better  cooperation, 
sharing  of  highs  and  lows,  and  improved  remote  sensing  education 
can  be  expected.  351 


SUMMARY  OF  PREPARED  TALK 
FOR 

DATA  ACQUISITION  WORKSHOP 


Presented  at 
CORSE  78 

Palo  Alto,  California 

John  E.  Estes,  University  of  California,  Santa  Barbara 
John  Miller,  University  of  Alaska 
Phil  Slater,  University  of  Arizona 

The  goal  of  this  workshop  discussion  was  to  provide  participants 
with  some  thought  of  the  panel  on  the  teaching  of  the  acquisition  of 
ground  aerial  and  satellite  data  In  remote  sensing.  The  session  was 
chaired  by  Dr.  Estes  and  the  speakers  discussed  In  turn:  John  Miller, 
Field  Data  for  Teaching  from  the  Viewpoint  of  the  Earth  Sciences; 

John  Estes,  A Teaching  Strategy  for  a Lecture  on  the  Acquisition  of 
Aerial  and  Satellite  Remote  Sensor  Data;  and,  Phil  Slater,  Future 
Sensor  Systems. 
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A Teaching  Strategy  tor  a Lecture  on 
The  Acquisition  of  Aerial  and  Satellite 
Remote  Sensor  Data 
By  John  E.  Estes 

John  Miller  has  given  you  some  Insights  on  the  collection  of 
"ground  truth/fleld  verification  data."  1 would  now  like  to  turn  my 
attention  to  the  acquisition  of  aircraft  and  spacecraft  data.  Again, 
this  will  be  followed  by  Phil  Slater  who  will  discuss  with  you  the  need 
to  keep  up  wit!  information  concerning  data  from  future  satellite  systems. 

In  mv  class,  when  I discuss  the  acquisition  of  remotely  sensed  data 
from  aircraft  platforms,  1 typically  discuss  it  with  reference  to  three 
options  open  to  individuals  wishing  to  acquire  such  data.  These  options 
are,  that  an  Individual  may: 

• buy  existing  coverage 

• contract  for  new  coverage  or 

t fly  his  or  her  own  coverage. 

The  choice  of  which  course  to  follow  is  basically  dependent  upon 
what  the  individual's  interpretation  objectives  are  and  what  cost  constraints 
he  or  she  Is  operating  under. 

Buying  Existing  Coverage 

Many  people  in  remote  sensing  today  are  aware  of  the  United  States 
Department  of  the  Interior's  EROS  Data  Center  in  Sioux  Falls,  South  Dakota. 

At  Sioux  Falls,  the  U.S.  Department  of  Interior  Geological  Survey  has 
established  a center  where  holdings  of  the  department  can  be  assessed. 

By  writing  EROS,  individuals  can  obtain  a listing  on  all  the  holdings  for 

page 
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a particular  given  longitude  and  latitude  location  t^lch  have  been 
collected  by  tr.e  National  Aeronautics  and  Space  Administration  and  most 
elements  of  the  Department  of  Interior,  in  addition,  through  cooperative 
agreements  with  other  governmental  agencies  such  as  the  Corp  of  Engineers, 
holdings  of  these  agencies  can  be  addressed  as  well.  An  Inquiry  to  EROS 
should  specify:  the  longitude/latitude  boundaries  of  the  area  desired; 
the  type  of  Imagery  analog,  digital,  black  and  white,  color  positive  or 
negative,  print  or  transparency  required;  and  the  amount  of  cloud  cover 
you  will  "live  with." 

In  addition  to  the  EROS  Data  Center,  another  U.S.  Department  of  the 

Interior  Office  where  Individuals  can  write  to  get  a current  listing  of 

the  status  of  aerial  photographic  coverage  of  the  U.S.  Is: 

National  Cartographic  Information  Center 
U.  S.  Apartment  of  the  Interior 
Geological  Survey 
Reston,  Virginia  22092 

Upon  request  this  map  Information  office  will  supply  free  In  map  form,  a 
publication  on  the  status  of  aerial  photography  in  the  U.S.  The  map  an 
Individual  request  will  receive  will  show  all  areas  in  the  United  States, 
by  county,  that  have  been  photographed  by  or  for  the  Agricultural  Stabil- 
ization and  Conservation  Service,  the  Forest  Service,  the  Soil  Conservation 
Service,  the  Corp  of  Engineers,  the  Air  Force,  the  National  Ocean  Survey, 
the  Geological  Survey,  and  commercial  firms.  Names  and  addresses  of 
agencies  holding  the  negatives  for  the  photographs  are  printed  on  the 
back  of  the  map  and  inquiries  should  be  sent  directly  to  the  appropriate 
organizations.  At  the  present  time  there  is  no  centralized  laboratory  or 
facility  which  can  furnish  prints  of  all  government  photography  to  any 
given  individual  or  institution. 
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^st  atrial  pnotograph^  purchased  through  federal  agencies  such  as 
this  are  taken  on  panchromatic  film  at  a scale  of  betMen  1:12*000  and 
1:14,000.  The  dates  of  the  photographic  coverage  usually  varies  from 
about  2-8  years  although  agricultural  regions,  reservoirs,  and  urban  areas 
tre  being  photographed  at  more  frequent  Intervals.  Photo  Index  sheets 
of  existing  photography  can  be  viewed  at  local  regional  offices  of  the 
Agricultural  Stabilization  and  Conservatlw  Service,  Forest  Service  or 
the  Geological  Survey.^ 

It  should  be  mentioned  before  leaving  this  topic  that  possibly  the 

larpst  portion  of  recent  U.S.  air  photo  coverage  Is  held  by  agencies 

within  the  United  States  Department  of  Agriculture.  There  are  scxne  nearly 

500  million  acres  of  crop  lands  In  the  United  States,  In  1936  the  United 

States  Department  of  Agriculture  began  an  aerial  photographic  program  with 

the  sole  purpose  of  monitoring  croplands,  particularly  those  crops  involved 

In  price  support  programs.  Smie  350  million  of  these  500  million  acres 

are  considered  significantly  active  and  they  are  flown  about  once  every 

5-10  years.  Therefore,  In  areas  of  cropland  throughout  the  United  States, 

historical  records  may  date  back  to  1936  with  a maximum  Interval  of  about 

10  years.  Information  concerning  this  type  of  coverage  can  be  obtained  from: 

Western  Laboratory 
Aerial  Photographic  Division 

Agricultural  Stabilization  and  Conservation  Service 

United  States  Department  of  Agriculture 

2511  Parleys  Way 

Salt  Like  City,  Utah  «4109 


■j 

Avery,  T.E.,  19/7.  Interpretation  of  Aerial  Photographs.  3rd  edition, 
Burgess  Publishing,  Minn.,  Minn.  592p. 
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There  are  many  uses  for  purchased  photograi^y.  These  uses  Include 


land  use  mapping,  topographic  mapping,  use  for  photo  mosaics,  use  In 
agricultural  Investigations,  water  demand  studies,  snow  field  mapping,  etc. 

With  respect  to  satellite  data,  the  largest  and  most  complete  record 
of  holdings  Is  kept  by  the  EROS  Data  Center  at  Sioux  Falls.  Individuals 
wishing  to  obtain  prints  or  high  density  digital  tapes  of  Landsat  coverage 
should  write: 

EROS  Data  Center 
U.S.  Geological  Survey 
10th  & Dakota 

Sioux  Falls,  South  Dakota  57198 

If  the  reader  desires  to  obtain  data  from  any  of  the  meteorological  satellites 
he  should  write  to  the  National  Oceanographic  and  Atmospheric  Administration: 

NOAA/NESS 

World  Weather  Building 
Washington,  D.C.  20233 

Ordering  and  purchasing  Information  can  be  provided  there. 

There  are  a number  of  both  advantages  and  disadvantages  to  using 
existing  coverage.  The  one  advantage  1$  that  acquisition  of  this  type 
of  Imagery  may  be  economical  - as  little  as  $2.U0  per  print.  It  Is  often 
convenient  to  just  order  what  you  need;  you  can  order  enlargements  and 
seqimntlal  Imagery  when  available.  However,  there  are  also  disadvantages 
to  the  acquislon  of  existing  coverage.  These  Include  the  fact  that  you 
have  no  control  over  the  photo  specifications  - that  is  what  types  of 
cameras  were  used,  what  film,  filters,  altitude,  season  of  the  year,  etc. 

You  also  have  no  control  over  photo  quality.  You  essentially  take  what 
Is  already  available;  although  In  many  cases  this  may  be  excellent. 
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tontractmg  For  Htw  Photography 

In  contracting  for  now  photography*  It  Is  of tan  appropriate  to  contact 
an  aerial  survey  or  photogramnetrlc  engineering  firm.  There  are  several 
ways  of  doing  this  - you  can  either  look  In  the  yellow  pages  of  your 
local  phone  directory  under  "Photogramnetrlc  Engineers!'  or  "Aerial  Surveys." 

Or*  you  may  look  for  an  advertisement  In  a professional  publication  such 
as  Photogrammetric  Engineering  and  Remote  Sensing. 

In  contracting  for  new  covera^*  the  reader  should  be  aware  of  the 
need  for  a good  background  in  the  preparation  of  specifications  for  flying 
aerial  photography.  Not  only  In  the  technical  aspects  such  as  what  fllns* 
filters,  scales,  season*  time  of  day,  overlap  and  sidelap,  etc.  that  Iw 
would  like;  but,  also  the  technical  aspects  of  contracting  and  bidding 
as  well. 

Then  there  Is  the  subject  of  costs.  Costs  are  very  difficult  to 
generalize  and  depend  upon  the  size  and  shape  of  the  area  to  be  photographed. 
In  addition  cost  are  dependent  upon  tl^  weather  conditions  at  the  time  of 
year  In  which  the  photography  is  to  be  acquired,  and  the  photo  specifications. 
Generally  speaking.  If  areas  are  Irregularin  shape  and  large  In  size,  they 
are  more  costly.  If  your  mission  must  be  flown  at  a given  time  of  year 
when  weather  conditions  may  prove  difficult.  It  may  be  even  more  costly. 

And  If  you  have  some  very  complex  photo  specifications.  It  will  also  be 
more  costly.  In  the  local  Santa  Barbara  area  where  I teach  ny  class, 
mobilization  costs  for  an  aerial  photographic  firm  typically  run  on  the 
order  of  $175.  This  Is  just  the  cost  of  Initially  getting  the  aircraft 
off  the  ground.  For  conventional  coverage  (1:20,000  panchromatic  minus 
blue,  9"  X 9"),  the  costs  will  run  on  the  order  of  $10  per  exposure. 
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Tht  costs  for  color  aorlil  ptwtograi^y  will  rtm  on  the  order  of  $IZ-|1S 
per  ei^ure.  A|^1n»  there  am  advantages  and  disadvantages  to  contract- 
ing for  new  photography.  T)m  advantages  are  that  you  have  direct  control 
of  the  photo  spKl  fleet  Ions  and  that  ^u  control  the  (dioto  quality. 
Olsadvantages  include  the  fact  that  this  can  be  relatively  expensive  and 
Involves  the  legal  aspects  of  contract  negotiations. 

Flying  Your  0»i.>  Aerial  Photooraohy 

This  section  shcnild  be  prefaced  by  a warning:  "Let  the  Frofesslonals 
do  a Professional  Exaiples  of  professional  jobs  are  (^otos  to  be 

taken  for  precise  i^otogrannietrlc  work  - aerial  photographic  oivera^ 
taken  of  ^ry  targe  areas  and  photi»  which  need  to  be  flown  to  rigid 
specifications.  Exaeples  of  where  non-professional  aerial  photo  mlssIcHis 
might  be  appropriate  Include  those  smaller  areas  where  a limited  apount  of 
coveraf^  Is  needed  • photos  for  general  Interpretation  irorkt  and  photos 
for  piArllc  relations  work.  In  acM1t1(wi,  a good  example  of  the  type  of 
(biography  idilch  lends  Itself  to  the  do-it-yourself  method  Is  aerial 
photography  taken  from  light  aircraft  for  ground  truth  or  field  verlficatlw 
(Xirposes.  Ttere  are  many  ways  of  acquiring  the  equipment  and  materials 
to  take  your  own  i^otography.  You  can  either  rent  or  purchase  an  aircraft 
or  helicopter.  You  can  rent  or  purchase  cameras;  35mm«  4X5,  speed  graphics, 
or  9X9  aerial.  You  can  also  purchase  your  own  f11i»  and  filters.  Here 
again,  you  must  be  Mare  of  all  the  factors  which  come  Into  the  planning 
of  photo  missions.  Decisions  must  be  made  as  to  the  optlsHin  specifications 
for  the  particular  job  In  mind  such  as;  what  films,  filters,  scales, 
time  of  year,  time  of  day,  etc.  are  best  to  acco^llsh  the  task 
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*A\lch  yoy  hivt  »«t  out 

Again,  costs  b«>'e  are  vary  difficult  to  gtnerallaa  but  in  a tabla 
listing  tht  two  extraws  which  1 havt  used  in  classes  way  interest  you. 
It  should  be  noted  costs  here  are  agproxlwite  and  subject  to  constant 
Change  and  only  included  to  give  the  s^^ucient  a general  perspective. 


rxftMPLE  OF  TWO  gXTREHES 


ECONOMY 

Airplane  - rental  to  $&0/hr. 
with/without  pilot 
purchase  2nd  hand 
plane  for  $2,0W. 

Camera  ~ K*20  NEW  SI 79.50 
USED  $ 75.00 


DELUXE 

Purchase  new  Cessna  citation 
(nice  a Lear)  with  electronic 
navigation  aids  t $750,000. 


Ziess  6",  f.i.  precision 
camera  9’'x9"  format  9 $35,0CK). 


Files  - Outdated  Panchromatic 
{by  18-20  months) 

9 $2. /SO  exposure  roll. 


tkta  Aero  IR  ® $350  for 
SO  exposure  roll. 


All  the  advantages  and  disadvantages  of  flying  your  own  coverage 
(„H.l  p^tography)  .r.  similar  to  having  it  flonn.  Th«  adv.nt.gos  incioo, 
dlrtct  control  ovor  photo  sp«i fictions,  and  to  son*  entent  photo  ooality. 
Flyfng  your  own  photography  can  he  very  convenient  and  economical . The 
disadvantages  include  the  fact  that  it  can  often  be  an  uneconomical  venture 
and  can  also  be  quite  dan^rous. 

for  more  information  concerning  the  purchasing  and  use  of  aerial 
photography,  the  reader  Is  directed  to  Avery.  1917.  Chapter  5 on  flight 
planning,  pages  81-100.  For  additional  information  the  reader  is  also 
directed  to  the  hook  by  Floyd  S.  Sabins.  Jr.  Remote  Sensinj_PrLnci£l«_aM 
Interoretatlon.  1978.  M.H.  Freeman.  Co..  Chapter  2.  pg.  «8  has  sources 
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of  aerial  photographs.  Chapter  3 on  man-satellite  Ima^ry  has  sources  of 
photog  aphs  on  page  f>2  anu  Chapter  4 on  Landsat  Imagery  has  sources  of 
Landsat  data  on  page  77.  Both  of  these  works  are  excellent  and  should 
be  required  reading  for  any  Individual  seeking  to  teach  a class  on  the 
acquIsItIcHi  of  remotely  sensed  data. 
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FIEID  DAm  FOR  TEflCHING  FROM  IHE  VIEWPOIOT  CF  THE  lARIH  SCIHCES 

Jblm  M.  Mill^ 

Ge(^%sical  Institute 
University  of  Alaska 

Hie  acquisitioi  of  field  data  fcr  educational  uses  in  the  ^rth 
sciences  is  sanewhat  limited  at  the  Uhiversity  of  Alaska  owing  to  seasonal 
constraints.  Hie  school  year  begins  in  Septerter  arv5  inds  in  May; 
winter  runs  from  October  to  April  so  that  obtainii^  data  from  field 
trips  is  too  weather  depeidait  to  achieve  an  ideal  mia:  of  class  or 
laboratory  exercises  with  field  observations.  However,  we  can  transform 
an  apparent  hindrance  into  a itajor  strength  by  at|tosizing  ti»e  ^noptic 
advantages  of  small-scale  remoto-sensing  data  plus  the  benefits  of 
multistage  sets  of  data. 

use  of  remote  sensing  in  teaching  the  earth  sciexres  is  furda- 
mentcil,  and  many  of  the  new  texts  for  introductory  geology  introduce  tb? 
use  of  Landsat  imagery.  Remote  sensing  makes  more  saise  in  teachii^ 
geology  In  Alaska  than  else<^ihece  owing  to  a lack  of  otter  types  of  data 
and  the  inaccessability  of  a large  portion  of  the  state.  There  are  five 
main  areas  vhich  are  heavily  dependoit  upon  remotely  sensed  data: 
lineament  ana!  /sis  correlated  with  locations  of  mineral  and  energy 
resources;  use  of  spectral  signatures  to  discriminate  types  of  e5^sed 
rocks  and  alteration  zones;  spectral  signatures  of  stressed  vegetation 
related  to  mineralization  of  the  soil;  landform  studies;  and  active 
surficial  processes.  We  have  done  relatively  little  with  geologic 
applications  of  digitally  processed  Landsat  data  owing  to  a lack  of 
facilities  and  the  difficulty  of  integratir^  ttese  cotplex  techniques 
into  undergraduate  curricula. 


In  sane  reflects  the  ^logic  applicatiai  of  remote-rising  data  is 
like  putting  together  a jigsavr  pi»zle.  There  is  far  more  satisfaction 
fron  cxsnpleting  the  final  psoduct  than  from  studying  a small  groi^  of 
pieces.  It  is  inpsTtant  to  learn  the  detailed  skills  of  field  analysis 
of  rock  types,  such  as  horintal  or  tilted  bedding  planes,  thido^s, 
uniformity,  color,  joints,  grain  size,  sha^  and  pattern,  and  op&x  or 
closed  pore  ^ieu:es.  Tte  study  of  rock  outcrops  is  ii^rtant,  but  it  is 
like  one  piece  of  the  overall  puzzle  and  can  become  rondary  to  the 
interpretatiai  of  remote-sensing  data.  Fran  a philosophical  point  of 
view,  we  would  be  better  advised  to  refer  to  'field  verification'  rathe: 
than  'grand  truth*,  for  'truth'  nust  tate  into  account  evidences  frctn 
many  ob^rvatiais,  some  of  ^diich  may  be  arttoiguous  at  best  car  contra- 
dictory at  worst.  While  we  retain  the  subjective  noticm  that  viewing 
objects  up  close  produces  fii^,  better  and  more  accurate  descriptive 
data,  this  is  mostly  true  with  discrete  objects  of  small  diinensions,  and 
is  less  reliaW.e  with  analyses  of  regional  scope. 

So  we  teach  students  how  to  map  geologic  features  frcatn  multistage 
sets  of  data  starting  with  the  smaller-scale  forms  of  data  such  as 
Landsat  and  radar  and  moving  into  high  and  low-altit\ade  aerial  photography. 
The  geology  majors  can  later  do  the  field  work  during  a special  sunroer 
course  #iich  can  verify  the  results  fror.  previously  analyzed  remote- 
sensing  data.  The  field  work  presents  opportunities  for  discovery  and 
learning  \^iich  rein'",  'ces  the  previous  analysis  and  interpretation  of 
images.  Many  questions  can  be  addressed,  such  as  how  thin  or  sparse 
vegetation  influences  the  spectral  discrimination  of  exposed  rocks;  why 
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lineaments  are  so  difficult  to  observe  on  the  grtxjnd  and  yhich  ones 
should  be  called  faults;  whether  details  of  the  1st  order  dendritic 
patterns  add  useful  information  to  the  overall  interpretatlcm;  and  the 
importance  of  grc»sid  verificaticn  for  the  interpretatim  of  seme  ^o- 
morphic  feature  (edeers,  drumlir^,  kettles)  and  less  need  for  others 
(glacial  scouring,  lateral  and  terminal  moraines  and  old  beach  lines) . 

The  greatest  need  for  our  teaching  program  is  for  data  from  a broad 
spectrin  of  sensors  from  various  locations  in  Alaska  vdiMi  have  been 
acquired  within  a narrow  frame  of  time  so  that  students  can  oenpare  the 
types  of  data  to  recognize  tha  strengths  and  weaknesses  of  each  media 
and  to  better  understand  the  best  applications  for  each.  We  do  not  need 
more  of  \i*at  we  presently  have — seme  aerial  photogr^^y  hare,  radar 
imagery  from  there,  and  thermal  IR  from  elsevdiere.  We  need  data  packages 
from  sites  selected  for  geologic  ai^lications  plus  those  from  other 
regions  dominated  urban,  agriculture,  aixi  wUdland  vegetation.  The 
earth-science  majors  should  not  restrict  their  study  to  purely  geologic 
regions  of  interest.  They  need  also  to  learn  how  vegetatiem  bnd  land- 
use  patterns  influence  geologic  interpretations  of  raiote- sensing  data. 

As  a final  rK>te  of  interest,  we  have  found  that  it  is  important  not 
to  overlook  the  use  of  low  sun-angle  Landsat  images  in  the  northern 
latitudes.  These  winter  scenes  tend  to  si:ppress  the  influatice  of  vege- 
tation cau^  by  snow  cover  and  defoliation  of  deciduous  species.  The 
low  level  of  illumination  also  enhances  the  more  subtle  georoorphic 
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features  that  cannot  be  recognized  at  other  times  of  the  year.  NASA's 
practice  is  to  acquire  Xandsat  MSS  data  only  yitmi  the  sun  angle  is  above 
ten  degrees.  We  have  fojnd  that  images  vdth  sun  angles  fxon  ten  to 
twenty  degrees  are  ideal  for  geologic  interpretation  vdien  ooi;^led  with 
suRmer  images  of  the  same  area.  And>  i^xsn  special  request,  NASA  will 
acquire  MSS  data  in  the  high-gain  mode  dovn  to  sun  angles  of  tino  or 
three  degrees. 
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THE  POINTABLE  MULTISPECTRAL  LINEAR  ARRAY  SYSTEM 
AND  THE  LARGE  FORMAT  CAMERA  FOR  EARLY  1980  SHUTTLE  PAYLOADS 

Philip  N.  Slater 

Chairman,  Conaittee  on  Remote  Sensing 
Professor,  Optical  Sciences 
University  of  Arizona 


Future  Sensor  Systems 

Dr.  Jack  Estes  has  just  described  the  requirements  we  must  specify 
in  order  that  we  can  obtain  the  type  of  remote  sensing  data  we  need  from 
aircraft  platforms.  He  also  described  the  procedures  for  obtaining  remote 
sensing  data  from  the  EROS  Data  Center  that  have  been  collected  as  part  of 
the  present  Landsat  program.  With  the  help  of  several  viewgraphs,  I shall 
describe  two  future  systems  under  consideration  by  NASA  to  provide  us  with 
data  and  facilities  beyond  those  obtainable  by  Landsat  1,  2,  3 and  D (the 
Thematic  Mapper).  It  is  worthwhile  for  all  of  us  to  be  aware  of  these 
future  systems  for  two  reasons.  First,  because  our  inputs  to  NASA  at 
this  stage  may  aid  in  the  design  decisions  now  being  made  and  thus  to  the 
quality  of  space  remote  sensing  data  we  will  have  at  our  disposal  in  the 
1980s.  Second,  because  of  our  important  role  as  educators  of  the  next 
generation  of  remote  sensing  specialists,  we  should  be  describing  the 
next  generation  sensor  systems  in  the  classroom  today. 

The  first  of  these  new  systems  has  had  several  different  names:  the 

High  Resolution  Pointable  Imager  (HRPI),  the  Multispectral  Linear  Array 
(MLA)  and,  very  recently,  the  Multispectral  Resource  Sampler  (MRS).  The 
design  is  not  frozen  at  this  point.  The  reader  will  appreciate  that  the 
performance  can  be  modified  considerably  hence  the  number  of  possibilities 
described  by  the  various  options.  As  you  will  see,  it  has  several  important 
features: 
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1)  By  virtue  of  its  crosstrack  pointing  capability,  it  can  provide 
coverage  of  limited  selected  ground  areas  on  a 2 or  3 day  frequency 

2}  Fore  and  aft  pointing  will  allow  studies  of  atmospheric  effects 
and  multidirectional  reflectance  effects  to  be  made. 

3)  Its  higher  spatial  resolution  from  space  will  provide  a multistage 
capability.  This  should  prove  of  considerable  value  in  urban 
studies,  in  overseas  agricultural  studies  where  fields  are  too 
small  for  analysis  using  current  Landsat  data  and  in  determining 
to  what  extent  ground  truth  and  aircraft  overflight  requirements 
may  be  relaxed  by  including  a high  resolution  capability  in  future 
space  systems. 

The  second  system  I shall  describe  is  the  Large  Format  Camera  (LFC) 
to  be  flown  on  space  shuttle  missions.  This  photographic  system  will 
provide  us  with  high  quality  color  stereoscopic  coverage  of  the  earth's 
surface.  The  purpose  of  course  is  to  enable  global  topographic  maps  to  be 
compiled  and  for  this  reason  the  imagery  will  be  compatible  with  conventional 
stereo  plotting  equipment  that  is  routinely  used  worldwide. 

Should  you  have  important  comments  or  suggestions  regarding  these  new 
sensors,  contact  Dr.  C.  C.  Schnetzler  at  NASA/Goddard  Space  Flight  Center 
regarding  the  MRS,  and  B.  H.  Mollberg  at  Johnson  Space  Center  or  Dr.  F.  J. 

Doyle  at  the  U.S.  Geological  Survey,  Reston,  regarding  the  LFC. 

The  Pointable  Multispectral  Linear  Array  System 

We  are  all  familiar  with  the  first  three  Landsat  sensor  payloads,  the  last 
of  which  was  placed  in  orbit  successfu'ly  in  March  of  this  year.  We  are  also 
fairly  familiar  with  the  Thematic  Mapper  (TM)  system  which,  with  the  old  reliable 
Multispectral  Scanner  (MSS),  comprises  the  sensor  payload  for  Landsat  D to  be 
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launched  in  1981.  The  over  the  past  couple  of  years  of  system  definition 
has  enjoyed  some  notoriety  as  the  USGS  and  others  have  criticized  its  objectives, 
which  are  largely  agricultural;  its  incompatibility,  in  terms  of  image  cataloging 
with  the  earlier  Landsat  systems',  and  its  much  higher  telemetry  date  rate  which 
is  incompatible  with  existing  ground  receiving  stations. 

These  problems  have  not  delayed  the  development  of  the  TM,  two  of  which  are 
presently  being  fabricated,  the  second  for  launch  in  1984  on  what  is  currently 
referred  to  as  Landsat  D’,  the  backup  to  Landsat  D.  (If  Landsat  D is  successful 
and  becomes  Landsat  4,  then  Landsat  D*  will  be  renamed  Landsat  E.)  What  is 
generally  not  well  known  is  that  the  TM  is  a very  expensive  system  to  fabricate 
and  that  the  initial  estimate  of  cost  to  completion  has  risen  almost  50%  since 
project  initiation  less  than  a year  ago. 

For  the  above  reasons  it  is  unlikely  that  follow-on  TM  systems  will  be 
built.  Furthermore,  the  relatively  new  linear  array  CCD  technology  has  the 
potential  of  providing  comparable  system  performance  at  a much  reduced  cost. 

NASA  is  considering  several  different  system  options  for  a pointable  multi- 
spectral  linear  array  (MLA)  system  to  replace  the  MSS  on  Landsat  D',  and  to  be 
orbited  with  the  second  TM  in  place  of  the  MSS.  This  first  system  is  being  con- 
sidered as  a research  rather  than  a quasi-operational  system.  However,  it  is 
anticipated  that  an  MLA-type  system  could  be  an  operational  earth  resources 
system  in  the  late  1980s.  The  MLA  has  the  potential  of  making  some  important 
measurements,  impossible  with  the  MSS  and  TM,  by  virtue  of  its  pointing  capa- 
bility. These  are  indicated  on  the  following  pages  which  come  from  a NASA/GSFC 
presentation  on  the  MLA. 
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QB.:JLCTIVE 

I.  To  PROVIDE  UNIQUE  OPPORTUNITIES  FOR  EaRTH  SURVEY  APPLICATIONS  EXPERIMENTS  BEYOND  THOSE 
POSSIBLE  WITH  ThEMATIC  MaPPER. 

• New  Instrument  Capabilities 

— More  frequent  temporal  coverage 
— Higher  spatial  resolution 
— Narrower  spectral  bands 
— Higher  radiometric  sensitivity 
— Greater  precision  in  mapping  geometry 

• Research  in  interpretive  techniques 

— Anisotropic  reflectance  studies 
— Atmospheric  correction  studies 
— Stereographic  imaging 

II.  To  provide  an  engineering  demonstration  of  MLA  sensor  technology 

— Validate  performance,  physical  characteristics  and  costs 

III,  Design  TO  be  modular 

— For  easy  modification  after  retrieval  and  refurbishment 
— To  SIMPLIFY  reconfiguration  FROM  MISSION  TO  MISSION 

IV.  Provide  an  easy  transition  to  follow-on  operational  or  research  sensors 


MiLIl$P£CTMLLINEALAR(^-(BIJ\^  SENSOR  EQR.LAflDSAO!. 


MLA  SENSOR  TECHNOLOGY  APPLICABLE  TO  WIDE  RANGE  OF  FUTURE  RESOURCES  MISSIONS 
CROP  CLASSIFICATION^  WATER  MANAGEMENT/  GEOLOGY/  AGRICULTURE  MANAGEMENT/  ETC. 

Flight  of  MLA  sensor  on  Lanosat  D'  will 

VALIDATE  CAPABILITIES 

of  system  to  ACQUIRE  THE  NEEDED  INFORMATION 
OF  SENSOR  TO  PROVIDE  DATA  OF  REQUIRED  QUALITY 

DEVELOP  USER  DEMAND  FOR  THESE  NEW  CAPABILITIES 

PROVIDE  EASY  TRANSITION  TO  FOLLOW  ON  MLA  SENSORS  AND  SYSTEMS 

Requires  FY  80  new  start  for  sensor  and  associate  research  program 


HULTISPECTML  LINEAR  ARRAYS  (HU)  > mimS 


Options  were  derived  using  the  following  ground  rules: 

Sensing  attributes  needing  improvements  - in  priority  order 

1.  Observation  frequency  - temporal  coverage 

DEMONSTRATE  BY  USE  OF  CROSS  TRACK  OFFSET  POINTING  WITH  OPTIMIZED  ORBIT 

2.  Spatial  resolution 

3.  Spectral  resolution 

4.  Radiometric  resolution 

All  can  be  achieved  at  modest  cost  using  MLA  sensors 
System  should  validate  observation  requirements  for  future  Landsat's 
possible  sequence 

Landsat  E “ High  Resolution  Pointable  Imager 

Undsat  F - Wide  field  sensing  for  better  temporal  resolution 

The  Thematic  Mapper  will  fly  on  Landsat  D'.  MSS  may  be  replaced  by  HLA  sensor. 
MLA  sensor  wst  be  compatible  with  Landsat  D data  rates 
Desirable  to  limit  MLA  data  to  15  mb/s  to  minimize  conflicts  with  TH 

Options  must  cover  range  of  feasible  improvements 
Have  real  differences  in  cost  and  capabilities 


I.  Fine  Resolution  Pointable  Iiiager  (FP%PI) 

A 10m  resolution^  narrow  fielo-of-view  sensor  with  a 2-axis  steerable  mirror 

II.  Dual  Resolution  Pointable  Imager  (DP.PI) 

— A 15m/30n  ground  resolution^  narrow  field-of-viem  sensor  with  a 2-axis  steerable 
MIRROR.  Multiple  modes  provided. 


JI.  Selectable  Spectral  Resolution  Pointing  Imager  (SSRPI) 

— A 30m  resolution^  narrow  FIELD-OF-VIEW  sensor  with  5 SPECTRAL  bands  each  of  which 
is  selectable  in  flight  through  an  indexing  FILTER/  2-AXIS  STEET.aBLE  mirror. 

IV,  Electronically  Pointable  Multi -temporal  Sampler  (EPS) 

— A 50m  RESOLUTION/  WIDE  FIELD-OF-VIEW  SENSOR  WITH  STEERING  IN  THE  ACROSS  TRACK 
DIRECTION  ACCOMPLISHED  ELECTRONICALLY  BY  SEGMENT  SELECTION. 

V.  Mixed  Resolution  Imager  (MRI) 

— A AOm/80m  resolution  wide  FIELD-OF-VIEW  SENSOR.  NOT  POINTABLE. 


SENSOR  OPTION  1 - FRPI 
FINE  RESOLUTION  POINTABLE  INAGER 


KEY. FEATURES 

Ground  Resolution: 
Swath  Width: 

No.  Spectral  Bands: 
Pointing: 

Data  Rate: 

Optics  Size: 


JOn 

50kn 

AX  ^ 0.05  mM;  neap  « 0.A9X 
2 AXIS;  + 45*;  MIRROR 
85  Nbps 

AO  CM  DIAMETER  X 140  CM  FOCAL  LENGTH 


USES 

NoRE  frequent  TEMPORAL  SAMPLING  (l  5 DAYS) 

Anisotropic  reflectance  studies 
Very  high  resolution  mapping  for 
flood  damage  assessment^  urban  land  use/change>  field  boundaries 
Stereo  imaging 

Atmospheric  correction  studies 


RISKS 


High  cost  Does  not  fit  Landsat  NSS  size^  weight^  power^  or  data  rate 
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(j-  SENSOR  OPTION  II  - DRPI 

DUAL  RESOLUTION  MULTI-MODE  POINTABLE  IMAGER 


KLY  EEAIURES 


Ground  Resolution: 

No.  OF  SPECTRAL  BANDS: 

Pointing: 

Swath  Width: 


4 Bands  8 30m  plus  2 bands  8 I5m 
6j  NEAP  - 0.5% 

2 axis;  + 45’;  MIRROR 
30km 


Data  Rate:  15Mbps 

Note;  at  this  data  rate  there  are  the  following  modes: 

Mode  A;  4 bands  at  30m/30km  swath  plus  1 band  at  15m/30km 

Mode  B;  2 bands  at  15m/30km  swath 

Mode  C;  4 bands  at  30m/30km  swath  plus  2 bands  at  15m/15km 


Optics  Size; 


15  CM  diameter  X 70  cm  focal  length 


USES 

Frequent  temporal  sampling  (<  5 days)  Stereo  imaging 

Anisotropic  reflectance  studies  Atmospheric  correction  studies 

High  resolution  mapping  (1:24000) 

Rim 

Moderate  cost  2 axis  pointing  mirror 

NOTE:  It  may  be  possible  to  have  some  in-flight  selection  of  spectral  bands  if  spectral 

RESOLUTION  OR  INHERENT  REGISTRATION  CAPABILITIES  ARE  RELAXED. 


SENSOR  OPTION  III  - SSRPI 
SELECTiiBLE  SPECTRAL  RESOLUTION  POINTING  IMAGER 


m FEATURES 

Ground  Resolution: 
Swath  Width: 

No.  Spectral  Bands; 

Pointing: 

Data  Rate: 

Optics  Size; 


30m 

30km 

5 EACH  WITH  selectable  BANDPASS;  CAN  BE  AS  NARROW 
AS  20  NMj  neap  « 0.4% 

2 AXIS;  i 45*;  mirror 
15  Mbps 

15  CM  diameter  X 35  cm  focal  length 


USES 

Mult I -temporal  sampling  (t  5 days) 

Anisotropic  reflectance  phenomena 
Stereo  imaging 

High  resolution  spectral  analysis 
Atmospheric  correction  studies 

RIMS 

Low  to  moderate  cost^  Indexing  filters^  Pointing  mirror 
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SENSOR  OPTION  IV  - EPS 

ELECTRONICALLY  POINTABLE  MULTI -TEMPORAL  SAMPLER 


key:  features 


Ground  Resolution: 
Swath  Width: 

Pointing: 

Data  Rate; 

No.  Spectral  Bands: 
Optics  Size; 


30m 

185km  (narrow  segments  are  electronically  SELECTS) 
FROM  within  this  SWATH  UP  TO  TOTAL  OF  dOkm) 

1 AXIS;  ELECTRONIC;  WITHIN  SWATH  WIDTH 

15  Mbps 

^}  IDENTICAL  TO  TM;  NEAP  » 0.1% 

15  CM  diameter  X 35  cm  focal  length 


Note:  It  is  proposed  that  two  sensors  be  used  and  aligned  either  side  of  TM's  FOV  for  a 
total  swath  OF  555  km.  This  permits  selected  targets  to  pass  within  FOV  at  more 
frequent  intervals  (<  9 days)  using  one  spacecraft. 


USES 

More  frequent  temporal  sampling 

Can  follow  geologic  features  because  of  inertialess  pointing 

RISKS 


High-to-moderate  cost 
Wide  field  optics 


SENSOR  OPTION  V - MRI 
MIXED  RESOLUTION  IMAGER 


KEL.ELAIUBES 

Ground  Resolution; 
Swath  Width; 

No.  Spectral  Bands: 
Data  Rate: 

Pointing; 

Optics  Size; 


2 bands  a 80mj  1 BAND  8 40n 
185  KM 

3;  NEAP  *0.11 

15  Mbps 

None 

8 CM  diameter  X 26  cm  focal  length 


USES 

Semi -operational  continuation  of  Landsat  1>  % and  5 type  data 
Develop  a prototype  of  a possible  operational  sensor 

Bim 

Low  cost 

Wide  Field  optics 


ENGINEERING  CHARACTERISTICS  OF  POTENTIAL  HLA  SENSORS  FOR  UNDSAT  D' 


Resolution 

Swath 

Data 

HLA  Options 

Bands, 

Width, 

Pointing 

rate 

Comments 

ifov,  m 

No. 

KM 

Capability 

Mbps 

FRPI 

10 

4 

40 

2 AX IS, +45* 

85 

Highest  cost.  Heavy,  etc. 

DRPI 

Mode  A 

30  - 15 

4 - 1 

30 

2 AX  IS, +45* 

15 

Mixed  resolution  system 

Mode  B 

15 

2 

30 

2 AX IS, +45* 

15 

helps  preserve  resolution  at 

LARGE  OFFSET  POINTING  ANGLES, 

Mode  C 

30  - 15 

4-2 

30  - 15 

2 AX is, +45* 

15 

MODERATE  COST. 

SSRPI 

30 

5 

30 

2 AX IS, +45* 

15 

In  orbit  FILTER  CHANGE  FOR 
SPECTRAL  BAND  SELECTION,  MOD- 
ERATE COST. 

EPS 

30 

4 

60 

electronic 

selection 

15 

Electron I c^sELECT ION  of  60}« 
FOV  FROM  185  KM  FOV.  High 

COST.  WIDE  FIELD  OPTICS. 

MRI 

80  - 40 

185 

15 

"Operational  precursor.* 

2-1 

None 

MODEST  COST.  WIDE  FIELD  OPTICS 

NOTES;  FRPI  may  be  incompatible  with  MSS  space  availability  on  Landsat  D'. 

All  spectral  bands  ^ 20  nm  for  30m  channels;  i 80  nm  for  15m  channels;  i 80  nm  for  IOh  chan- 
nels IN  PRPI, 

Calculated  for  x^-j  = 700  nm,  A5*  SZA,  R=20%,  NE^R=0,5%,  exceeds  TM  performance. 

All  bands  to  be  between  400  nm  and  1000  nm  - silicon  detectors. 
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SOME  POTENTIAL  APPLICATIONS  OF  VARIOUS  MLA  OPTIONS 


STEREO  COVERAGE  (FOR  TROPOSPHERIC  MAPPING) 

ANISOTROPIC  REFLECTANCE  STUDIES  (PRIMARILY  AGRICULTURE). 
ATMOSPHERIC  CORRECTION  STUDIES 
LINEAMENT  DETERMINATION 


RANGE  MONITORING 

SNOW  MAPPING 

CROP  PHENOLOGICAL  DISCRIMINATION 
CROP  STRESS  DETECTION 

WEED  INFESTATION  DETECTION 

IRRIGATION  SCHEDULING 

FOREST  INSECT  AND  DISEASE  DAMAGE  DETECTION 

WATER  QUALITY  MONITORING 

GEOBOTANICAL  MINERAL  EXPLORATION 

SHORT  LIVED  EVENT  MONITORING  (FLOOD^  LANDSLIDE^  ETC.) 


EREI  DREI  SSEEL  EES  I3R1 


V 

V + 

...Y ±z... 

V +- 

V - 


V — c. 

JLji  § 

V-  ° 

V - Q 


SMALL  FIELD  CROP  CLASSIFICATION 

FLOOD  PLAIN  MAPPING 

FOREST  SPECIES  MAPPING 
LAND  USE  MAPPING 

ROCK  UNIT  MAPPING , 

MINERALIZED  (ALTERATION)  ZONE  MAPPING 
BATHYMETRY 


V POTENTIAL  APPLICATIONS  WITH  THIS  SENSOR 

M MIXED  RESOLUTION  HELPFUL  WITH  MULTISTAGE  SAMPLING  OF  LARGE  AREAS 
+ APPLICATIONS  THAT  MAY  BENEFIT  FROM  HIGH  SPECTRAL  RESOLUTION 

- APPLICATIONS  THAT  WILL  BE  AFFECTED  BY  LACK  OF  15m  SPATIAL  RESOLUTION  IN  THE  SSRPI 
“ APPLICATIONS  THAT  WILL  BE  AFFECTED  BY  THE  LIMITED  OFFSET  POINTING  CAPABILITY  OF  THE  EPS 


► EXPERireiTAI.  ADVAI^AGES  FOR  THIS 
SYSTEM  OPERATIONAL  PRECURSOR 


ASSOCIATED  RESEARCH  PROGRAM  IN  SUPPORT  OF  MIA  SFNSOR  FOR  lANDSATJl* 

Consider  the  projected  MLA  sensor  capabilities^  future  sensing  needs  and  benefits 
Assess  and  prioritize  potential  applications  to  be  studied 
Form  working  groups  around  selected  applications 

Define  the  sensor  performance  required 

Acquire  signature  studies  in  support  of  selected  applications;  laboratory^  field. 

Develop  algorithms  to  acquire  parameters  from  the  data 

Develop  a scheduling  strategy  for  the  sensor 

Develop  users  for  the  experimental  data 

Conduct  experiments  with  the  flight  data 

Publish  results 


SCHEDMIE  r HLA SEMSOH-  FQR  lAliDSAUl! 


CY  - 78  79  80  81  82  83  84 


Lanosat  D launch 


tSUL  SKMSQR 

Phase  A instrument  studies 
RFP  release 
Contract  start 

Deliver  eng.  model 

Deliver  proto  flight 

Launch  Lanosat  d'  with  NLA  sensor 


Research.  Jrqgrm 

Refine  applications  c 

Refine  performance  specifications  c 

Prepare  specs  for  flight  instr.  and  ground  systems 

Signature  studies 

Algorithm  development 

Select  flight  experimenters  - ao,  start 

Experiment  using  flight  data 
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RESOLUTION 


swath's 

OFFSET 

♦i 

DIST. 

KM 

ZENTIH 

ANGLE 

X 

LOSS 

Y 

1/2 

0 

80 

7* 

02 

12 

1 1/2 

1 

241 

21* 

52 

122 

2 1/2 

2 

402 

32* 

162 

372 

3 yi 

3 

563 

45* 

292 

742 

4 1/2 

4 

724 

50* 

462 

1262 

H 

715km 

I 

98.25* 

REPEAT  PERIOD 

17  DAYS 

orbits/cycle 

247 

ORBIT  TRACE  SPACING 

161km 

TM  SCAN  WIDTH 

187km 

SCAN  ANGLE 

14.9* 

OVERLAP 

16  PERCENT 

RESOLUTION 

30.4  METERS 

2-2-9-2-2  Repeat  frequency 


H 

I 

REPEAT  PERIOD 
ORBITS/CYCLE 
TRACE  SPACING 
SCAN  WIDTH 
SCAN  ANGLE 
OVERLAP 
RESOUUTIQN 


H • 761km  (note  689km  smiuut) 

I 98.^14 

REPEAT  PERIOD  18  DAYS 

orbits/cycle  259 
TRACE  SPACING  153kM 
SCAN  WIDTH  199km 
SCAN  ANGLE  14.9* 

OVERLAP  30Z 

RESOLUTION  32. 4m 


3-5-5-3-2  REPEAT  FREQUENCY 


DAY  NUMBER 


TTie  ^arge  Foraat  Caaera 


The  Large  Foimat  Camera  (LPC)  is  scheduled  for  an  early  Shuttle  launch 

in  1981.  The  system  will  provide  a continuation  to  the  early  hand-held  ea/th^ 

# 

photography  conducted  on  the  Mercury,  Gemini  and  Apollo  programs  which  culmin- 
ated with  the  well-knmn  S-064  multispectral  camera  experiment  on  Apollo  IX 

^ e 

and  Che  more  sophisticated  SI90a  miltispectral  and  SI90h  high  resolution  cameras 
which  were  hard-mounted  systena  used  in  the  Skylab  missiotn.  The  following 
page«  describe  the  LFC  system  and  come  from  a NASA/JSC  presentation  on  the 
systsra. 

The  important  attribute  of  the  syst«n  is  that  it  can  obtain  high  (^in  m) 
spatial  ground  resolution,  a relative  position  accuracy  of  ±14  m and  .1  relative 
heigntening  accuracy,  by  virtue  of  stereograi^ic  coverage  of  between  7 and  28  m. 
depending  on  the  base-to-height  ratio  used.  A potential  problem  of  the  system 
is  tiat  it  will  orbit  in  the  Shuttle.  Pas ^experience  has  been  that  man-attended 
photagraphy  cjqjeriments  have  not  beei^as  successful  as  automated  image  collection 
systems.  For  example,  the  MSS^bn  the  Landsat  program  has  been  more  successful 
than  the  SI90a  and  SI90b  experiments  on  Skylab,  With  a change  in  priority, 
perhaps  this  problem  can  be  solved  on  the  Shuttle. 
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fhmtUk  SPECIFICATION 


LENS;  Focal  length 

30.5  cm  1 

[12  Inches) 
T14) 

Aperture 

f/6.0 

Spectral  Range 

400  to  900  nm 

IMAGE  FORMAT; 

22.8x45.7  cm  1 

(9x18  Inches) 

FIELD  OFJtlEW  (FOV); 

Along  Track  : Degrees 

73.7  1 

1.287  radians) 

• Altitude  Ratio 

1.5  xH  1 

h ■ altitude) 

Acro^  Track;  Degrees 

41.1  1 

0.718  radians) 

Altitude  Ratio 

0.75  xH  1 

,H  ■ altitude) 

FORWARD  OVERLAP  MOOES; 

80<  70.  or  60  percent 

BASE/HEIGHT  RATIO: 

0.3  to  1.2  (over  full  track) 

SHUHER;  Type 

Rotary  (between  the  lens) 

Speeds 

•CKI6  to  .024  second 

IMAGE  MOTION  COMPENSATION; 

Type 

Inage  Plane  Translation 

Range 

# » 

.010  to  .045  rad/sec 

FILM  aAnEHING; 

Vactiun 

MINIMUM  CYCLE  TIME; 

4.3  seconds 

FILTERS:  Antl-Vlenettlno 

•Lens  Front 

Spectral 

Lens  Center 

fLlM;  Wld^ 

24.1  cm  1 

|9.5  Inches) 

length  Thin  Base  Non. 

610  meters  ( 

2,000  feet) 

Thin  Base  Max. 

1,220  meters  (4,000  feet) 

Exposures/Roll  Thin  Base  Non. 

1,200 

Thin  Base  Max. 

2,400 

ELECTRICAL  POWER:  . 

275  watts  avg. 
450  watts  max. 

OPERATING  PRESSURE; 

1,723  N/m2  (0.25  psi) 

VicIC^iT:  Larqe  Format  Camera  (LFC) 

230  kg  ( 

;S06  lbs) 

Flight  Support  Structure,  etc. 

150  kq  i 

330  Ihs) 

Total 

380  kg  (836  lbs) 
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TYPICAL  ALTITUDE  : 278  kilometers  (150  nautical  miles) 

PHOTOGRAPHIC  SCALE  ; 1:912,000 

GROUND  FOOTPRINT  ; ALONG  TRACK  (1.50H)  * 417.0  km  (225  n.ml.) 

ACROSS  TRACK  (0.75H)  = 208.5  km  (1 12.5  n.ml.) 
AREA  COVERED  *=  86,945.0  km*  (25,312  n.mi.*) 

GROUND  RESOLUTION  (Color  Film  AWAR)  : ~ 20  meters 


PRECISION  DATA 

: SELECTED  FRAMES 

1&2 

1&3 

1&4 

1&5 

REDUaiON 

FORVMRD  OVERLAP  (percent) 

80 

60 

40 

20 

BASE/HEIGHT  (B/H)  RATIO 

0.3 

0.6 

-0.9 

1.2 

VERTICAL  EXAGGERATION  FACTOR 

1.4 

2.8 

4.2 

5.5 

REUTIVE  POSITION  ACCURACY  (t  meters) 

14 

14 

14 

14 

RELATIVE  HEIGHTING  ACCURACY  (±  meters) 

28 

15 

9 

7 

RESOLUTION, 

METERyCYCLE 


20  2S^^**7  30 


OroiTAL  ftlTlTUDE 

*T?r  T5T  Tir  im 
35  36.9  « J2L  JZi.  Jll.  (•« 


OF  FOIOIAT  9x9  CORNER  OF  FORMAT  I LFC  CORNER  OF  FORMAT 


6.2 

7.8 

11.6 

7.4 

9.2 

13.9 

9.2 

11.5 

17.3 

12.3 

15.4 

23.1 

18.S 

23.1 

34.7 

37.0 

46.2 

69.2 

0.0  0.0  0.0 

gign 

DYNAMIC  GROUND  RESOLVED  DISTANCE 
Estimated  at  2:1  Contrast 


— — 

— — " ^ mi  4)  __ 


ORBIT  ALTITUDE,  N.MI. 

HIGHLY  DEPENDENT  UPON  SHUTTLE  ATTITUDE  RATES. 
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Data  Reduction  by  Computer  Procassinf 
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Chairmans  Dr.  Dale  R.  Lunb 

Western  Regional  Rpplieatione  Program 
NASA-Ames  Research  Center 


Introduction 


This  technical  workshop  dealt  with  the  subject  of  automated 
analysis  of  remote  sensing  data,  specifically  digital  processing 
of  Landsat  or  other  image  data  in  numerical  form. 

Two  general  topic  areas  covered  in  the  workshop  were:  (1) 

the  teaching  of  ditigal  image  processing,  including  both  theoretical 
and  applied  subjects  and  laboratory  experience,  and  (2)  a review  of 
NASA- developed  image  processing  software,  and  hardware/software 
systems  employed  at  NASA-Ames  Research  Center  in  support  of  the 
Western  Regional  Applications  Program  (WRAP) . 

The  first  topic  was- examined  in  a presentation  by  Professor 
Robert  Schowengerdt  of  the  University  of  Arizona,  describing  a 
course  titled  "image  Processing  Lab,"  one  of  two  courses  required 
for  a graduate  minor  in  remote  sensing  at  Arizona.  A paper  by 
Professor  Schowengerdt  covering  the  rationale,  content,  and  hard- 
ware/software support  for  this  course  is  incorporated  within  this 
section. 

The  review  of  NASA-developed  software  systems  included  pre- 
sentations suimnarized  herein  by  Wayne  Mooneyhan  of  the  Earth 
Resources  Laboratory,  and  by  Dr.  Nevin  Bryant  of  the  Jet  Propulsion 
Laboratory.  Ethel  Bauer  of  NASA-Ames  described  the  systems  at  the 
Ames  Image  Processing  Facility. 
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Finally#  a quaatiannaire  was  circulated  at  the  workshop  that 
assessed  the  existing  or  planned  digital  image  processing  capability 


of  the  universities  and  colleges  represented#  and  their 
acquiring  or  gaining  access  to  MASA-developed  software, 
naire  results  are  summarized  at  the  end  of  the  paper. 


interest  in 
The  question- 
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An  Introductory  Distal  ImaRc  Processing 
Laboratory  Course  for  Applications  Scientists 

ItolwrtA.  Schowcnjtordt 
Assistant  Professor  of  Bomoto  Sensing 
tinivenity  of  Arisons 

Introduction 

A new  course,  Imi^e  Processing  Lab,  was  first  offered  at  the  University 
of  Arizona  in  the  fall  semester,  1977.  The  course,  cross»listed  in  the  Systems 
and  Industrial  Engineering  and  Optical  Sciences  Departments,  is  one  of  two  re- 
quired (file  other  being  Fundamentals  of  Remote  Sensing)  for  a graduate  minor 
in  remote  sensing.  Because  of  this,  the  technical  level  and  orientation  of 
material  included  in  the  course  must  be  such  that  a diverse  range  of  graduate 
students  will  benefit  from  the  omirse.  Achieving  a good  balance  between  mathe- 
matical complexify  and  practioal  a^lications  is  the  most  challenging  aspect  of 
teaching  such  a course. 

During  the  initial  offering  of  the  course,  facilities  available  to  students 
for  image  processing  experiments  were  rather  limited.  There  were,  however, 
several  labs  and  pieces  of  hardware  around  campus  which  were  restricted  to 
research  in  image  processing.  To  expose  the  students  to  this  wide  variety  of 
"real  world"  hardware,  a series  of  demonstrations  were  scheduled  throughout 
the  semester.  In  general,  these  sessions  were  very  well  received  and 
represented  a reasonably  acceptable  alternative  to  "hands-on"  experience. 

Because  of  the  shortage  of  interactive  hardware,  the  course  was 
structured  much  as  a lecture  course.  In  addition  to  the  laboratory  demon- 
strations, several  computing  experiments  were  assigned  to  the  class.  Computing 
was  performed  in  a batch  mode  on  a CDC  6400  computer  with  a software  package 
of  image-processing  rmitines  called  SADIE.  Input  image  files  (all  from  Landsat 
imagery)  were  supplied  by  the  instructor  and  output  images  were  displayed  by  a 
grey  shade  line  printer  routine. 
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For  the  fall,  1978,  semcater  we  anticipato  a much  improved  harriwarc 
and  aoftvmra  altuatiim«  The  University  Computer  Center  has  replaced  tl)C  out- 
dated CDC  8400  with  a CDC  Cyber  175,  and  a very  powerful  linkage  of 
minicomputers  will  be  opei'atioDal  along  with  an  I^S  color  CHT  display  with 
assoeia^  refresh  memories  and  pipeline  processor.  This  hardware  (and  an 
eatensive  set  of  software  suf^lied  vAQi  the  CRT  display)  will  permit  a rc- 
o^anisation  of  the  ccnirse  to  include  much  more  extensive  experimentation  wito 
image  processing  algorithms.  Consequently,  number  of  formal  lectures 
will  be  gi^atly  reduced  and  will  serve  only  as  an  intr^uction  to  each  topic, 
wifti  mathematioal  ai^  other  detaila  covered  by  handouts  of  written  material. 

The  enrollment  in  the  cmrrse  during  the  first  semester  consisted  of  the 
following  disciplines: 


Department 
optical  sciences 
systems  engineering 
planetary  science 
geology 

undergraduate  (SE,  EE) 

unclassified  graduate 
(medicine,  l^drography) 


Number  of  Students 
8 
2 
2 
1 
3 
2 


The  largo  percentage  of  engineering  students  implied  a strong 
mathematical  background  for  the  class— 94  percent  had  had  calculus,  72  percent 
had  had  some  exposure  to  Fourier  theory,  and  83  percent  knew  at  least  one 
programming  language.  Chdy  one  student  had  taken  another  inmge  processing 
oourse  and  17  peremit  had  tome  i^perimice  wifti  image  processing. 


m 


Hit  m&Qiematlcal  tevol  of  istlruofioii  waa  hold  to  algebra,  siati sties 
(Imsic  aad  multtyadi^),  Miae  <m1oulus,  and  Finirior  Uicory  (convolution, 
eorrolatios,  Fourier  traasfoms).  The  students  with  relatively  poor  n.ath 
badegmads  wore  ^s  to  keep  up  with  the  rest  of  die  class,  even  vddi  dio  must 
ddfScult  material,  Fourier  tedmiques.  We  wanted  to  achieve  Oils,  to  net  the 
pattern  for  die  lab  beiiig  an  iq^Ucattons  oriented  course,  even  at  tiie  oqpcnse 
of  boring  more  adinmoed  stunts.  There  are  several  more  advanced  f jid 
•pe^alis^  Image  processing  couzees  already  at  the  University. 

We  are  enmmraging  and  anticipate  a much  la^r  miroUment  of  students 
from  eardi  sciences  disciplines  In  the  hiture.  TMs  will  likely  increase  the  difS- 
culty  in  setting  the  rifd^t  balance  of  math  and  ai^lioations  for  the  course,  but  the 
availidiility  of  an  Interactive  di^lay  and  software  will  assist  greatly  in 
alleviating  that  dif&milty.  By  having  liable  image  processing  routine.'}  literally 
at  thrir  fingeriips  and  the  psychological  advantage  of  seeing  processing  results 
almost  immediately,  students  will  obtain  a good  feeling  for  computer  p rocessing 
and  analyaie  without  neceesarily  needing  to  imderatand  the  mathematlcU  aspects. 
Furthermore,  esqperience  irith  a "hands-on"  system  will  rrinforce  the  theo- 
retical background  of  more  advanced  studente. 

The  remainder  of  tMa  course  description  ie  written  in  a modular  form 
ctmsistii^  of  assorted  topics  and  examples  irom  the  course  ai^  gmieral  aspects 
of  teaching  a ocurse  <d  this  Qrpe.  It  is  hoped  that  the  brief  reflected 

in  this  paper  will  be  useM  to  those  who  are  designing  an  introductory  image 
processing  course  for  their  own  renmte  senring  currieuhim. 
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Cmirae  Content 


Fall  SeoiMiter,  19?? » 3 Somostor  Hours  Credit 

Ctisrscterlstics  of  Dtgitsl  Images  (about  6 Iccturo  hours) 

Badiometric  quaotizatioD»  relatimi  between  pixel  and  computer 
word  8lae»  quanttaatton  <hiring  image  acquisition,  processing, 
and  display.  Distinction  between  pixel  size  and  sample  interval. 

Ckmtrast  ManifNilattoa  (3  hemn) 

Xnmge  grey  level  Ustograms,  linear,  8egm«ated,  cyclic,  ai^ 
equalizatimi  transformation. 

Landsat  System  (3  hours) 

MSS,  BBV,  orUt  i^rameters,  preprocessing  ^quiiwd  for 
image  data 

Neii^rhood  (spatial)  Operatiems  (6  hours) 

Convolutioo,  correls^on,  Fourier  transforms,  aiplicidion  of 
Fourier  transforms,  spatial  filtering 

Noise  ^ipression  (1|  hemrs) 

Bandom,  fixed  uid  variaUe  periodic  n<dse 

Hardware  Descriptions  (3  hours) 

Scanners  and  displays,  nficrodensitometer,  flying  spot,  vidlcon, 
solid  stete  arrays,  electron  beam  recorder.  Scan  rate,  radio- 
metric and  spatial  resolution,  Mt  rate,  format  size. 
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OMoittiriMl  Mai^piilfttloii  (4|  hours) 


Coordinsto  traniformattoQ^  tiepoiats,  rubber  shoot  stroldUag. 
RossmpUng  bf  nearest  ndghb-'r  algorithm  and  tatoipolatloo 
(li&oar,  stM  ftinotioii,  ud  cubio  ipUao  ftiaottOD) 

llnltl^poetral  ClMsificatton  (4|  hours) 

MattvariiaUo  naturo  of  remoto  sonsing  Imagoiy,  olustoxiag» 
natural  imrlafaillty*  si^orvisod  and  unsuporvisdl  olasatfica- 
tton,  ma^matics  for  maximum  - liO^ilmod  ilgorithm 

Laboratory  domcmstrations  (6  hours) 

Mirod«Mitometer»  photogiaphio  scanner  dlQ>lay,  digitls^ 
vidioon  acKiuisition  and  display,  intoraotlvo  color  CRT 
display  ^itt  Peak  Ni^cmal  C^or¥s^zy) 

Imsfs  Prooossing  Expeximmits  (100 -f  hours) 

All  09q;>erimmits  wore  performed  wi&  rmitinos  in  the  SAKE 
image  prooossing  software  padmge  and  were  osufoetod  by 
batch  processing.  However,  some  students  ran  so  many  ox- 
amples  ftuit  flmy  were  almost  in  an  interacttvo  mode!  The 
University  Computer  Center  charge  rate  was  ^00  per  CPU 
Imur  on  the  CXXl  6400  and  die  class  of  18  stiuieats  sp«it  aboift 
$2, 5(H)  ^ring  the  semester. 

1)  set  up  and  print  picture  of  gray  soalo 
2}  manipulate  cw^rast  of  grey  scafo 
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3)  ealoiUito  image  Mi^^Eram,  emitnist  atratelw 
and  ^^lay  porHoo  ^ Lai^iU  lm^»  0wo 
baada).  Invaitigate  vartoua  ewtraat  mazdpuU* 
tten  teolaigaaa, 

4^  tavaattgate  affaote  ci  varioiia  spatial  fiUara 


RoTaronco  Matorial 


There  hie  bMS  no  text  ue^  for  tMa  ^ree.  Of  ^ tejoa  curn»Uy 
avaikbld,  the  one  fay  OooBales  and  Wti^  would  protebly  fao  the  moat  euitaUo, 
wi^  fte  one  by  Pratt  beii^;  aimilar  in  coverall  but  itt  a M^r  level  of 
matfoe  and  detail.  The  OBGS  report  on  image  prooea^i^;  qratema  ie  a 
Mn^retoatfve  aurvey  <d  eormt  (1977)  hardware  and  aofteeire  for  remote 
awiaing  and  ie  highly  remmuamded  ae  a olaea  handcait. 


Rern^  amtaing  orientedt 

"Baaic  Midhomatlca  of  Imago  Proceaaing"  and  ''Digital  Image 
Proeeaaing,"  R.  Sohowo  ^gerdt,  Chaptera  XIV  and  of 
Prlnciplea  of  Remote  &.’t8lpg.  P.  N.  Slater,  in  pr^ratimi, 

"ImagiDg  and  Ncoimaglng  Senaora"  and  "Remote  Senaor  Data 
fyatema,  Proceaaing,  a^  Management,"  Cha^n  8 and  12 
of  Maroial  of  Remote  Sensing.  Vol.  \,  American  Solely  of 
Photogrammetij^  1975. 

"Machine  Proceaaing  of  Remotely  A^juired  Data"  and 
"Compariaona  of  Qualitative  and  Quantitative  Image  Analyaia," 
Cluptera  10  and  11  of  Remote  Senaing  of  Eavironmrot.  J.  Linta 
andD.  Simonett  , eda.,  3976. 

Summary  T^ea  for  Selected  XXgital  Image  Prooeaaing  Syateme, 
V.  Carter,  F.  Billingaley,  and  J.  Lamar,  U.  8.  Geological 
Survey  Open  File  R^rt  77-414 


Oenexai  Image  Proceaaing  and  An&lyaia: 

Computer  Techniquea  In  Image  Proceaaing.  H.  C.  Andrewa,  1970. 
Dicital  Picture  ProcoBBing.  Roaenfeld  and  Kak,  1976. 
tHtgUal  Image  Proc^salngf  R.  C.  Gonzalea  ai^  P.  A.  WinU,  ^77. 
PiRital  Image  Reatoiation.  H.  C.  Andrewa  and  B.  R.  Hunt,  1977. 
IHgltal  Image  Proceaaiog.  W.  K.  Pratt,  1978. 
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IntroducBoti  to  StatliS^  l»attcni  RocogiaU<m«  K.  fUkuMga,  1972. 
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SADIE  and  Landaat  Software 


# 

Tb«  SAI^E  ayttem  was  onginally  developed  at  the  Loa  Alamos  Sc;cntiuC 
Laboratory  and  maintained  at  the  University  of  Arizona  by  Dr.  Bobby  llur.t, 
S/stema  and  Imlustrial  Engineering  Department.  It  contains  a complete  and 
thorough  bodek^^ng  structure  which  keeps  track  of  the  vital  parameters  for 
ii^mt,  scratch,  and  output  files,  thus  freeing  the  user  from  £s  often  lai>oricus 
ohors.  There  are  two  level  of  routine^^  SADlE~one  line-oriented  and  tl'.e 
other  fil»>oziented.  The  file-oxiented  routines  permit  a more  "tdack-box," 
decked  <q>eration  by  Um  user  whereas  the  line-oriected  routines  allow  more 
complex  processing  by  those  users  who  need  this  fieidbility. 

RtmUnes  are  available  for  image  i^nit  and  output  in  several  formats 
(compatible  with  various  hardware  devices  around  campus),  calculation  of  image 
statistics,  contrast  manipulation,  Fourier  domain  spatial  filtering,  ^ner ; com- 
bination  of  images,  superposition  and  concatenation  of  image  filcs^  linear  image 


scale  change,  etc.  Standard  image  display  through  SADIE  is  by  grey  shade  line 
printer  output  (8  grey  levels).  Use  of  SADIS  requires  very  little  knowledge  of 
Fortran  and  only  a basic  knowledge  of  control  command  setup.  There  was  no 
sszlmis  difficulty  in  introducing  students  to  SADIE,  even  those  who  had  had  no 
previous  computer  experience. 

A system  of  software  for  reformatting,  preprocessing,  and  photographic 
display  of  Landsat  data  has  been  developed  Ity  Dr.  Robert  Schowengerdt.  This 
software  provides  fin  Internee  between  Landsat  preprocessed  data  and  SADIE 
and  scene  olassifieatitm  software,  la  addition,  many  specialized  processing 
itmttnes,  not  available  in  SADIE,  are  t^ratixmal  for  Landsat  processing. 


Exams  anti  Handouts 


This  section  contains  copies  of  tho  two  exams  given  during  the  course 
and  a selection  of  external  material  which  was  distributed  to  the  class  Uirough- 
<mt  the  semester.  Tho  USGS  report  is  a go^d  survey  of  operational  image 
analysis  systems  and  the  Aviation  Week  article  provides  a discussion  of  current 
software  processing  tools  and  many  color  image  examples.  The  full  handouts 
are  not  reproduced  here,  but  should  be  availaUe  from  the  original  source. 
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OSC/SIE  236  Image  Processing  Lab 

Mid  Term  Exam 

October  25,  1977 

Answer  all  questions  ^ each  worth  25  points. 

1)  a.  If  a digital  image  has  pixels  quantized  to  6 bits,  how  many  grey  levels 

are  possible?  What  are  they? 

b.  Show  which  bits  are  "on"  and  which  are  "off"  for  a grey  level  of  23. 

c.  If  a landsat  Image  typically  has  a range  of  30  grey  levels,  why  are  64 
or  128  grey  levels  available  for  the  data? 

d.  Why  would  we  desire  to  have  more  bits  representing  pixel  values  in  a 
computer  than  are  used  for  the  original  pixel  values?  Illustrate  with 
an  example. 

2)  a.  What  is  a histogram  of  image  grey  levels?  How  Is  It  usually  normalized? 

b.  Why  Is  a histogram  useful  for  changing  Image  contrast?  If  we  didn't 
have  the  Image  histogram  what  parameters  of  the  image  could  be  used  to 
adjust  Its  contrast? 

c.  Why  do  we  wish  to  change  the  contrast  of  an  Image?  Describe  a contrast 
enhancement  technique  which  requires  no  operator  Input.  Be  as  detailed 
as  possible. 

d.  Suppose  we  have  an  Image  with  a histogram  as  follows: 


Sketch  the  transfer  curve  required  to  perform  a simple  linear  "stretch" 
between  grey  levels  0 and  31  on  a display.  At  what  grey  level  in  the 
displayed  image  would  the  peak  of  the  histogram  fall? 

Sketch  a transfer  curve  which  would  make  the  peak  fall  at  the  mid-point 
of  the  display  range  and  avoid  saturation  at  both  ends  of  the  display 
range. 

In  either  of  the  above  examples  would  all  the  grey  levels  available  in 
the  display  appear  In  the  displayed  Image?  Explain. 

3)  a.  What  are  the  spectral  bands  used  In  the  Landsat  MSS?  Be  specific. 
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OSC/SIE  236  image  Processing  Lab 
Nid  Term  Exam 


October  25,  1977 


3}  b.  Approximately  how  many  pixels/line  and  how  many  lines  are  there  in  each 
raw  Landsat  image?  How  long  is  each  scan  line  on  the  ground?  What  is 
the  size  of  a pixel  on  the  ground? 

c.  What  are  the  most  important  preprocessing  operations  required  for  Landsat 
imagery?  If  we  display  a raw  (unprocessed)  Landsat  image  on  a standard 
display  we  iiKMild  see  a format  like  this: 


Mat  tno  preprocessing  operations  yield  a final  format  like  this?: 


How  large  is  the  angle  o typically? 


4)  a.  What  is  meant  by  a "neighborhood  operation"?  How  is  it  distinct  from  the 
common  contrast  enhancement  operation? 

Name  a neighborhood  operation  used  for  image  processing  and  another  used 
for  image  analysis. 

b.  Define  a linear  operation  in  the  context  of  neighborhood  operations.  Use 
sketches  to  illustrate  the  definition. 

How  is  a linear  operation  represented  mathematically  in  the  spatial  and 
frequency  domains?  Define  all  symbols  used  in  your  mathematics. 

Assume  stationarity  (shift  invariance)  in  the  above  examples. 

c.  Why  are  Fourier  transforms  useful  in  an  analytic  sense?  In  a digital 
application? 

Sketch  both  a high  and  low  pass  filter  in  the  Fourier  domain.  What  is  a 
simple  way  to  implement  each  in  the  spatial  domain?  Derive  how  many 
operations  (one  operation  being  an  add,  a multiply,  etc.)  are  required 
per  pixel  in  the  processed  image  to  perform  this  simple  low  pass  operation 
with  a straight-forward  calculation  an^with  a more  efficient  calculation 
utilizing  temporary  storage. 


404 


0%/SIE  236  laage  Processing  Lab 
Pinal  Exaa 

DecettlMr  19*  1977 

Answer  all  questions  - each  worth  20  points 

1)  a*  What  is  the  priaary  source  of  random  iaage  noise  in 

photogr-'  phy? 

b.  Briefly  descibe  two  digital  processing  techniques  for 
suppression  of  randoa  noise.  What  is  a disadvantage  of 
each? 

2)  a.  How  is  a digital  iaaae  scanner's  or  display's  bit  rate 

calculated?  What  two  performance  measures  does  it 
combine? 

b.  Name  an  advantage  which  a photoaraohic  micro-writer  display, 
such  as  the  POD  at  Optical  Sciences,  possesses  ever  a CRT 
display,  such  as  the  one  at  Kitt  Peak?  What  advantage  does 
the  CRT  have  over  the  POD? 

3)  a.  What  ate  the  two  steps  required  for  geometrical  manipulation 

of  digital  images? 

b.  S\xppose  the  graph  below  represents  a line  profile  throua^ 


We  want  to  magnify  the  Image  digitally  to  contain  9 cixels 
in  the  line  instead  of  6*  Tabulate  all  the  pixel  values 
In  the  processed  line  and  make  a graph  'like  that  above  for  the 

1- nearest  neighbor  algorithm 

2- llnear  Internolatlon  alcrorithm 

Note  the  display  pixel  Interval  Is  fixed. 

e.  Name  an  advantage  and  a disadvantage  of  cubic  spline  versus 
linear  Interpolation. 

4)  a*  What  are  the  three  dimensions  of  multispectral  imagery? 

In  which  dimension  does  multispectral  ciassif ication  work? 


PAGE  !S 
W POOR  QUAIOT 
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OSC/SIE  23^  Xaag«  Pzt»e«sslng  Lab  Decoaber  19,  1977 

Final  Exam 

4)  b.  In  two  or  thrsa  paragraphs,  explain  how  multi spectral 

olasslfleation  Is  performed,  ^ou  do  not  need  to  be 
specif lo  about  particular  algorithms,  etc. 

e.  List  and  briefly  explain  three  sources  of  natuial  variability 
in  classlf  Icatloit  analysis. 

5)  a.  Suppose  we  have  a study  area  on  the  ground  which  Is  ’4oka  x 40km 

large.  One  of  the  Landsat  satellites  takes  an  image  of  the 
area  every  9 days.  If  we  must  make  a decision  about  each 
pixel  in  the  study  area  (for  example,  assign  each  pixel 
to  a Vegetation  class)  from  one  image  before  the  next  lisage 
is  taken,  how  much  time  do  we  have,  per  pixel? 

b.  If  a single  Lar.dsat  MSS  acquires  10  scents  per  day,  what 
is  the  ^ta  ex«atlon  bit  xmts? 
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UNDSAT  mflSPECTSAL  SCAMNl^  SYSTEM 
Momlnal  Orbital  Altitude  91S  Ice 
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RofloctiopB  on  Course  Content 
and  Plans  for  the  future 


At  tida  point  I would  like  to  past  on  some  experiencos  with  the  Image 
Processing  Lab  Course  and  some  personal  opinions  ab<mt  what  such  a course 
should  c<mtain.  A brief  discussion  will  then  be  given  on  how  the  course  will  be 
restructured  this  year  because  of  the  acquisition  of  a considerable  amcamt  of 
Interactive  image  processing  hardware. 

Peth^s  the  most  difficult  material  to  present  in  the  course  is  that  on 
convolution,  Fourier  transforms,  etc.  Even  thou|^  most  of  the  students  were 
m^neers  and  had  seen  this  subject  before,  it  had  evidently  not  been  from  a 
primarily  i&4>lementation/application  viewpoint.  To  de-emphasize  the  more 
ooixq>lex  oonc^  of  Fourier  toansformatlon  and  because  practical  spatial 
filtering  is  perfonned  in  the  ap&tiaX  domain,  I introduced  filtering  from  the 
sp^al  domain.  This  was  dcm»  by  desoribix^  simple  box  arrays  which  are 
ctmvolved  with  the  image  to  perform  filtering.  Examples  of  these  arrays 
mi|dd  be. 


smoothing  (low-pass) 


edge  enh^cement  (high-pass) 


-1 

-1 

-1 

-1 

8 

-1 

-1 

-1 

-1 

From  these  most  basic  examples,  a smooth  transition  can  be  made  to  discussion 
of  more  Mocgxlex  filters  with  variable  weii^ts,  mm-square  filters,  inclusion  of 
normsUzatitm  in  the  weig^,  etc.  After  a review  of  basic  Fourier  transformation. 
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tboto  spatial  arrays  can  Ik>  described  to  gmsral  terms  In  the  Fourier  domain* 
Tlds  8K>roaeli  sms  i^itively  si^s^i^  to  the  shifts  and  is  i^i^gt^riate  for 
m bibrodiietory 

Ac  an  aid  to  diacuasloo  of  Fourier  transforms,  ws  devoted  h*Jf  of  one 
leetass  period  to  a demonstratton  widi  an  sleotiDido  waveform  gsoerator, 
spselbnim  analiasrggil  OMillim^^  A very  visual  Ubistr^mi  can  bo  made 
widi  this  equipment  tj^^monstrating  the  Fourier  domain  r^resentations  of 
sine  wavwi,  square  wavwi,  etc*  and  dm  effect  in  the  Fourier  domain  of  varia- 
te in  die  wai^nn  imiiod  ai^  amiditude.  More  eomprel^aive  displays  can 
be  dime  by  aMng  anodmr  waveform  to  t^  original  and  inaerting  a variable 
deotitmic  filter  in  the  circuit.  Such  a demimstradon  could  alao  be  easily  done 
with  an  ii^raotive  gn^MoM  terminal  and  digital  transform  algorithms. 

Anodier  rattmr  difSoult  ti^c,  is  quits  often  neglected  in  image 
processing  courses,  is  geometrical  manipulation.  This  subjMt  should  bo  part 
of  any  remito  sensing  oriented  image  processing  cmirse  because  of  the  increas- 
ing interest  in  preilee  mapping  from  orbital  (or  aerial)  imagM  and  dm  greater 
eapebilitiee  of  futuie  sensors.  I was  surprised  ^ It  was  as  difScidt  as  it  m» 
to  communicate  this  euljeot  to  dm  students.  Evma  dmugh  most  of  students 
were  eecomi  or  tidrd  year  engineering  graduate  eb;^ents,  they,  for  the  most 
part,  had  little  experience  with  interpolation  of  dttacrete  data  and  in  particular 
the  ^mneedto  between  interpolatlim  and  convoludim.  la  dm  future,  more  time 
will  have  to  be  devoted  to  diese  areas  to  treat  the  eubject  properly.  Again,  an 
interactive  ima^  (or  graphics)  dieplsy  will  be  an  ettciei^  tool  for  iUustr^ng 
gewaetiiial  prooeeting. 
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Lab  will  bt  tai^t  tgsUa  In  Um  &Ut  197t*  mnI  will  bo  oriented 
nfomd  iBui|t  nvnilsdiNlit  ^ai  tiaio*  1%o  aorioa  of  hardware 

demonntfntidBS  wttl  bt  tttaintd  rtnet  8itr  ^>7  important  in  tbeir 

own  ftgbl.  fonnat  kobart  Him  will  pitrikbly  bt  rtAieed  bgr  a factor  of  about 
two,  with  ttt  rtmainl&f  data  ttmt  Mltd  bgr  damoiiatrationt  os  Oit  dtiplay. 
^biidatttt  wW  bavt  aMtional  aUoUtd  timo  ptrloda  duiii^  whidi  they  can  optinto 
fhtdltplaya&doeii^ttf  titbtral«Mor  iaamall  Software  dotaila  will 

bt  eaatattaUy  transparent  to  the  users  and  menus  of  processing  options  will  be 
awyidflt.  The  nuirt  SQfddtttoakd  students  will  bt  able  to  pr^mm  tbdr  om 
software  on  bMt  MB^Mittr  A tdwmdio  of  0m  interactive 

fadlitjr  it  bhowtt  la  tibt  dkgram  btlcfw. 

nit  tubjtdt  ootmrtd  in  tbe  eourtt  will  prdiably  bt  changed  very  little, 
wifii  toiM  ildfiiiif  of  m^hatit  imm  tofdo  to  togic  i»aed  &u  the  firat  aeisester'a 
•nperianoe.  Soaaa  claasilioattott  eaqiierimmna  will  be  f^eatly  lacilitat^i  ^ tl#* 
BOW  hardware  and  aoftwart  and  will  oodopgr  a larger  i»oporti<m  of  the  course. 
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Department  of  Radiology 


U.  Arizona  Interactive  lin;ice  ProcefirtlHg  Hardware 

Fall  1978 


Image  Processing  Software/Systems  Developed  or  Employed  by  NASA 

Earth  Resources  Laboratory  Software  for  Modular  Systems 

NASA-ERL  at  Slidell,  Louisiana  has  developed  a low-cost, 
modular  approach  to  the  design  of  data  analysis  systems  for  pro- 
cessing Landsat  or  other  multispectral  image  data.^  It  is  aimed 
at  the  small  user  organization  having  limited  funds  and  access  to 
some  computer  equipment.  As  described  by  Wayne  Mooneyhan  of  ERL, 
this  approach  c nsip.ts  of  a definition  of  equipment  configurations 
that  take  advantage  of  existing  or  off-the-shelf  hardware  components 
availcd>le  to  many  users,  plus  a of  ERL-developed  software  imsdules 
for  image  processing,  geographic  data  manipulation,  data  base  manage- 
ment, and  applications-specific  information  extraction. 

As  shown  in  Figure  1,  hardware  requirements  are  defined  in  terms 
of  the  three  basic  components:  (1)  an  image  display  device , (2)  a 

computer  with  appropriate  peripherals,  and  (3)  an  output  recording 
device. 

A display  device  desirably  consists  of  a color-CRT  monitor  with 
interactive  uer  interface,  however,  hardcopy  devices  such  as  line- 
printer  or  electrostatic  printer/plotters  can  be  used  with  batch 
programs  for  data  display.  A color  display  is  advantageous  for 
review  of  raw  input  data,  training  site  entry,  and  evaluation  of 
test  classifications  of  small  (screen-size)  areas,  and  can  be  used 
in  a time- sharing  environment. 

Any  mini  or  larger  general  purpose  digital  computer  can  serve 
as  a central  processor,  provided  it  has  at  least  13 OK  bytes  of 
memory,  two  tape  drives,  24M  bytes  of  disc  memory  and  a Fortran 
compiler. 
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LOW-COST  SYSTEM  COMPONENTS 


DISPLAY  SYSTEM 

COMPUTER 

OUTPUT  RECORDING  DEVICE 

ANY  OF  SEVERAL  COMMERCIALLY 
AVAILABLE  TV  IMAGE  DISPLAY 
DEVICES 

ALMOST  ANY  DIGITAL  KIHI- 
OR  LARGER  COMPUTER  WITH 
130K  BYTES  mURY 

ELECTROSTATIC  PRINTER-PLOTTER 
— STATOS  (VAIIAH  CRAPKIC) 

— COMTAL  8000  SERIES 

TWO  TAPE  DRIVES 

—COULD  (DSC  PDP-11) 

— HA2ELTINE 

24M  BYTES  DISK  KEIjORY 

— VERSATEK 

— RAKXEK 

FORTRAN  COMPILER 

—ETC. 

—ETC. 

OPERATING  EXECUTIVE 

FILM  RECORDERS 

—PERMITTING  MULTI-TASK 
OPERATION 

— DICOMSD 

—OPTRONICS 

..HRB-SINCSR 

SUPPORT  DEVICES 


VACUUM  PRINTER 

PHOTO-PROCESSING  SINK  AND  WATER 


DARK  ROOM 


CROMALIN  LAMINATOR  NORMAL  ROOM 

CROMALIN  TONING  CONSOLE  LIGHT 


Figure  1 


In  addition  to  a conventional  lineprinter  for  running  tabular 

or  alphanumeric- symbol  output,  a recording  device  for  production 

of  map  products  is  desirable.  This  can  consist  of  an  electrostatic 

printer/plotter  or  dot-matrix  printer  for  gray- scale  maps,  or  a film 

recorder  for  color-coded  maps.  Electrostatic  printer /plotters  can 

be  programmed  to  produce  three  gray-scale  plots  representing  the 

red-green-blue  components  of  a color-coded  classification,  and  these 

can  be  used  as  color  separations  in  a lithographic  printing  process 

such  as  "Kwik-Proof ,"  or  a photographic  process  such  as  "Chromalin." 

These  methods  avoid  the  need  for  a color  film  recorder,  which  is  an 

expensive,  specialized  equipment  item. 

The  ERL  software  consists  of  some  100  Fortran  IV  programs  avail- 

2 

able  from  COSMIC  and  described  in  a digest  of  program  abstracts. 

The  programs  are  grouped  into  software  modules.  Figure  2 is  an 

overall  view  of  t:he  processing  functions  performed  by  these  modules, 

which  include:  (1)  pattern  recognition  (conversion  of  raw  Landsat 

MSS  data  and  other  supporting  data  to  surface  classification  maps) ; 

(2)  geographical  reference  of  Landsat-derived  data  ( pixel- to-UTM 

coordinate  conversion);  (3)  data  base  storage  and  retrieval  of 

Landsat-derived  and  other  geographic  data  (up  to  30  bytes  of  infor- 

2 

mation  for  each  400-meter  or  quarter-section  unit  for  an  entire 
state,  using  either  UTM-gridded  or  Public-Land  Survey-referenced 
units,  respectively  - see  Figure  3) ; and  (4)  information  extraction 
combining  Landsat-derived  and  other  data  for  specific  management 
applications  (e.g.,  combining  land  cover,  slope,  aspect,  soil  series, 
and  rainfall  in  an  assessment  of  erosion  hazard) . Figure  4 shows 
capabilities  of  processing  routines  within  these  modules. 
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imm  BASED 

INTORNATIOH  SYSTEH  SOFTWARE-OVERALL  VIEW 


Figure  2 
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FOUR  DATA  BASES:  30  BYTES  FER  CELL 
a)  W of  90*  b)  E of  90* 


8 BIT  BYTE  6RI0DE0 


NON-GRIODEO 


1-1 

2‘f 

3.1 
4./ 
■5. 
6. 

7. 

8. 

9.1 
10.  f 

11. 1 

12.1 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 


township  nun^r 


township  nun^or 


unused 


forty  nuirtier 


county  nun6er 
section  nunAmr 
drainage 
ownership 

cotusn  nuattr 


row  nunbtr 

land  use  base 
surface  features  (fall) 
(winter) 
spring' 
sunner) 
tenporaiy) 

soil  series 
slope  (average) 
slope  (maxlimjn) 
elevation 
aspect 

accessibility 

terrain 

population  density 

rainfall  (highest  avg.  nonth) 

unused 

unused 

unused 


county  nun^er 
section  number 
drainage 
ownership 

easting  offset  In  20  m. 

units  of  center  of  forty 
northing  offset  In  20  m. 

units  of  center  of  forty 
land  use  base 
surface  features  (fall) 
(winter) 
(spring) 
(summer) 
(temporary) 

soil  series 
slope  (average) 
slope  (maximum} 
elevation 
aspect 

accessibility 

terrain 

population  density 

rainfall  (highest  avg.  month) 

unused 

unused 

uiuised 


NOTES: 


1)  Establish  62  permanent  classes  ♦ unclassified.  (See  note  4.) 

2)  Haxliiwm  capacity:  1 byte  • 254j  2 bytes  ■ 32.767.  (See  note  4.) 

3)  Missing  flags:  1 byte  ■ 255;  2 bytes  • -1 

4)  Zero  Is  reserved  to  Indicate  unchanged. 

5)  Unused  fields. are  Indicated  as  missing. 


Figure  3 
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EXISTING  sornMne  capabilities 


• LANDSAT  DZSTRIPINC 

• AUTOMATED  SIGNATURE  DEVELOPMENT  (Program  SEARCH) 

• MANUAL  SIGNATURE  DEVELOPMENT  (GROUND  TRUTH.  MANUAL  SELECTION.  STATS 
EVALUATION) 

• CLASSIFICATION  - MAXIMUM  LIKELIHOOD  RATIO.  SEVERAL  EFFICIENT 
IMPLEMENTATIONS 

• DATA  OUTPUT  PREPARATION  • SCALING.  COLOR  OR  GRAY-SCALE  ASSIGNMENT 
0 GEOGRAPHICAL  REFERENCE  CONVERSION  - TO  UTM 

0 MULTISCENE  OVERLAY 
0 DATA  BASE  STORAGE  AND  RETRIEVAL 

— GRIDDED  (SOM  x SOM)  TO  (400M  x 400M) 

^ON-CRIDDZD  - REFERENCED  TO  PLS  SYSTEM 

0 APPLICATION  ALGORITHMS 

ACREAGE  WITHIN  A POLYGON 

—WILDLIFE  HABITAT  ASSESSMENT 
— CROP  PRODUCTION  ESTIMATE 
— EROSION  HAZARD  ASSESSIENT 
—SITE  EVALUATION 

SOIL  ASSOCIATION 

— CHANGE  DETECTION 
—MATER  SEARCH 

0 UTILITY  ROUTINES 

Figure  4 
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COMPUTERS  Oil  WHICH  EXISYIITG  S07THARB  HAS  BEEfl  lllPLgI3irTgD 


COMPUTER 

INTERACTIVE  PROGRAMS 

BATCH  PROGRAMS 

UNI VAC  V-70  SERIES 
(VARIAN  DATA  SYSTEMS) 

X 

X 

XNTERDATA  8-32 

X 

X 

UMIVAC  1108 

X 

IBM  370-15S 

X 

SEL  16-BIT 

X 

SEL  32-BIT 

X 

NOVA  11 

X 

X 

NOTE:  THE  FULL  CAPABILITY  OF  PROCESSING  LANDSAT  MSS  DATA  FROM  RAW  DATA  TO 

GEOGRAPHICALLY  REFERENCED  M\PS  AND  DATA  PRODUCTS  EXISTS  IN  EITHER 
BATCH  PROGRAMS  OR  BATCH/ INTERACTIVE  PROGRAMS 


Figure  5 


MTA  ANALYSIS  SYSTEM  OPTIHIZATIOH  HISTORY 
lAKTH  RESOURCES  LABORAtOAY 

Yfg  Co«pon«Rf  *Cott 

1972  D(it«  Analyslt  Sysccb,  Univae  llOS  $IM  * eete  of  U-U08 

1976  Imat«  HbpIbJ ULniton^uf^ Output  $150K 

/ I Rtepffdar 


SOnWASE 


* M 1 1 li  1 M 

Ysar 

Fro&ran 

Conputar  Tlaa  to  Classify 
One  Lands at  Scene 

Cost  Par  Landsat  Seer 

U-1108 

CCPlDHrs. 

Varlan  V7S  Mini 
rualleloek)  Hrs. 

U-1108 

V-7S 

1971 

LABSYSAA 

22.5 

as  as  as 

611.250 

1972 

Digital  Tabla 

2.3 

mmm 

1.150 

1974 

ELLTAB 

1.2 

— 

600 

197S 

ELLTAB 

i»«aos 

2.0 

6100 

1976 

KAXL4 

mmm 

1.5 

75 

1978 

MAXL4X 

.33 

.68 

167 

35 

Blanks  indleaca  no  inplaasataeloa  for  this  claafr«a 


CEOCRAPHICAL  REFEREHCE  (To  OTM  Prolaetionl 


Year 

Proeraa 

Mlnlcoaoutar 

Run  Ylaa 
(Uallclodc  Hrs.) 

Cost/Frass 

1975 

GEOREF 

Varlan  75 

5.0 

6250 

1977 

CEREF4* 

(loxioaraa) 

Varlan  75 

3.0 

ISO 

1978 

SUPERC* 

(full  PraM) 

Varlan  75 

.9 

45 

*Aeeuraqf  laprovtd  by  s^pllaatlMk  of  oirror  scan  aptad  eorraetlon 


Figure  6 
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This  8o£tw«c«  wfts  originally  davolopad  for  a Univae  1108 
c«nput^r,  and  lator,  a Varian  V-70  aeriaa  mini,  however  it  is 
transportable  to  other  Fortran  machines  as  shown  in  Figure  5. 

Figure  6 shows  ERL*s  history  of  system  optimisation  as  a result 
of  the  shift  to  minicomputers  and  the  developRwnt  of  more  efficient 
progrMAS.  Dramatic  reductions  are  seen  both  in  hardware  cost  and 
CfU  tiM/cost  to  perform  major  imag  processing  tasks  such  as  full- 

3 

scene,  maximum- likelihood  classification  and  geographic  reference. 

Jet  Propulsion  Iiaboratory  VZCAR/IBIS  Software  System 

JPL  at  Pasadena  has  been  involved  in  digital  image  processing 
for  over  a decade,  starting  with  development  of  enhancMient  techni- 
ques for  vidicon  pictures  returned  from  the  early  unmanned  planetary 
flights  of  the  1960 's.  Out  of  t^is  experience  the  JPZi  Image  Pro- 
cessing Laboratory  has  developed  VXChR  (Video  Image  Communication 
and  Retrieval) , a general-purpose  image  processing  software  syst«s 
that  incorporates  many  types  of  processing  functions  applicable  to 
image  data  fr^i  a variety  of  rmnote  sensor  sources,  including 
Landsat  data  and  digitised  photographic  imagery.  Major  types  of 
processing  functions  include  contrast  manipulation,  multispectral 
band  ratioing,  and  multispectral  classification.  Several  kinds  of 
geometric  transformations  are  possible,  including  correction  of 
systematic  distortions,  transformation  to  a map  projection,  and 
multiple  image  registration,  fhese  spatial/radiometiic  transfor- 
mations are  based  on  interpolation  ("rubber-sheet")  techniques 
applied  to  the  correspondence  of  selected  tlepoints  within  specified 
input  and  output  images. 
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A further  development  ie  IBIS*  (image- Bated  information  System) , 
a set  of  processing  routines  designed  to  combine  remota-sensing- 
derived  Image  data  with  other  geo-coded  data  sets  through  conver- 
sion to  a common  raster  fox*mat,  such  as  that  represented  by  Landsat 
pixels.  IBIS  pensits  efficient  registration  and  cross  tabulation  of 
two  or  more  data  sets,  regardless  of  the  source,  scale,  or  format 
of  the  original  data.  Although  IBIS  consists  of  a set  of  routines 
that  were  added  to  VICAR,  the  concept  of  an  image-based  information 
system  is  far-reaching,  and  the  VICAR  image  processing  functions 
may  be  viewed  as  one  component  that  applies  to  certain  remote- 
sensing-derived  data  sets  within  a larger  information  structure. 

VICAR.  VICAR  consists  of  a language  translator  that  simplifies 
execution  of  image  processing  programs,  a series  of  applications 
programs  that  include  capabilities  mentioned  above,  and  a series 
of  modular  subroutines  used  for  data  input/output,  program  para- 
meter input,  and  other  functions.  Generalized  software  components 
of  VICAR  are  shown  in  Figure  7. 

The  system  operates  under  the  standard  IBM  OS/MVT  operating 
system  and  is  resident  at  JPL  on  an  IBM  360/65  with  one  megabyte  of 
core  and  interfaces  to  a large  number  of  disks  and  tape  drives  to 
accommodate  the  large  files  associated  with  image  processing  tech- 
nology.^ Numerous  other  peripherals  are  used  for  I/O,  including  digi- 
tizers, plotters,  and  film  recorders.  Much  of  the  system  is  operational 
in  either  batch  or  interactive  mode;  however,  most  use  to  date  has  been 
batch,  THE  VICAR  system  software,  consisting  of  modular  FORTRAN  pro- 
grams, is  most  readily  transferable  to  a batch  system. 
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JPl  VICAR  lfvm©S  PROCGSOIK©  SYS7BM 

SOPTWAHO  COtAPOmmS 


/inputV-d, 

vs^r^ 


C(XMRSIC:i 
TO  VICAR 
FORMAT 


/tATASAT  CCT 
PLANETARY  PROJECT  EDR 
SCANNED  IMAGERY 
AIRCRAR 

ASTRONOAKY  PLATES 
CONTOUR  PLOT 


1 IMAGE  PROCESSIICG  PROGRAMS  I 

GENERAL 

1 SPECIFIC  FOR 

PURPOSE 

1 ONE  SENSOR 

ENHANCE/.'iNT 

j OR  APPLICATION 

FILTERING 

1 SENSOR  DISTORTION 

GEOAtETRIC 

j REMOVAL 

TRANSFORMATION 

1 VIKING  LANDER 
1 TERRAIN 
1 PROFILING 

iORmnir:s 

FOR  DISPLAY 


VOLATtU 

DISPLAY 


1 . 

LINE 

PRINTER 

c/icc:;:* 

FLOITER 


VICAR'S  langusgs  translator,  VTRAM,  enables  a user  who  may 
TOt  be  familiar  with  computer  languages  to  perform  complex  imago 
processing  tasks  using  a simple  control  language.  A typical  VICAR 
control  statement  might  be  the  following: 

EXEC, STRETCH, A, B (300 , 400 , 200 , 200) , (LINEAR, 34,178) 

This  statement  will  execute  the  program  STRETCH  to  perform  a linear 
contrast  enhancement  of  an  image  on  data  set  A,  starting  at  line 
300,  sample  400.  The  end  points  of  the  linear  stretch  will  be  34 
and  178  DN  (gray  scale  values),  and  the  output  (stretched)  image  will 
be  placed  in  data  set  B. 

Other  straightforward  commands  exist  in  the  VICAR  syntax  to 
allocate  data  sets  on  disk  or  tape,  to  add  annotation  to  hardcopy 
imagery,  and  to  perform  other  general-purpose ^functions.  The  VTRN 
translator  converts  VICAR  syntax  into  'Ihe  appropriate  job  control 
language  actually  used  in  executing  particular  tasks. 

The  VICAR  system  is  modular,  and  sequences  of  execute  state- 
ments may  be  defined  to  perform  sequential  operations  on  digital 
imagery.  For  example,  a typical  Laiuisat  processing  sequence  might 
include  execution  of  a logging  program  to  convert  the  raw  image  into 
VICAR  format,  a geometric  transformation  to  remove  skew,  a high  pass 
filter  to  accentuate  local  detail,  a contrast  enhancement  of!* ^e 
filtered,  deskewed  image,  and  execution  of  a program  to  write  the 
processed  image  onto  tape  for  playback  on  a digital  film  recorder.^ 

It  is  mjrmally  necessary  to  write  only  one  program  that  operates 
at  the  front  end  of  a processing  sequence  - the  logging  program  that 
converts  the  image  fron  its  original  format  to  VICAR  format.  Once 
this  conversion  has  been  performed , the  image  In  VICAR  format , on 
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disk,  can  than  ha  pcocaaaad  by  any  of  tha  ganaral  purpose  routines 
in  the  program  library. 

The  VICAE  systMft  presently  has  over  100  routines  for  image 
manipulation.  A list  of  these  routines  and  a classification  of 
them  by  function  is  given  in  Tables  la  and  lb.  Note  the  algorithms 
available  for  multispectral  classification,  which  include  a Bayesian 
(maximum  likelihood)  classifier,  BAYES,  and  a hybrid  classifier, 

PASTCLAS,  which  uses  a high-speed  distance  algorithm  to  assign  most 
of  the  data,  but  brings  in  a Bayesian  algorithm  in  cases  of  high 
uncertainty.  VICAR  has  mainly  been  used  in  a supervised  clustering 
approach  where  the  analyst  sets  up  each  spectral  class  by  submitting 
training  sites.  An  unsupervised  clustering  routine  has  also  been 
developed,  however.  The  STATS  routine  outputs  cluster  means  and 
variances,  as  in  other  systems. 

a| 

IBIS.  The  initial  motivation  for  JPL's  development  of  IBIS  was 
to  permit  processing  of  a bandsat  thematic  map  showing  land  cover  ^ 
in  conjunction  with  a census  tract  polygon  file,  to  produce  a tabu-  9 
lation  of  land  use  acreages  per  census  tract.  An  analysis  of  the 
steps  necessary  to  achieve  this  capability  indicated  that  a large 
number  of  image  processing  and  data  manipulation  capabilities  would 
be  needed  for  even  the  simplest  case,  but  that  with  proper  design 
these  capabilities  could  be  extended  into  a general  information 
system  with  unique  attributes.  The  term  Image  Based  Information  System 
was  adopted  because  the  image  datatype  and  image  processing  operations 
are  central  to  many  of  the  potential  capabilities.  Until  recently, 
the  image  format  has  been  viewed  primarily  as  a computer  processable 
equivalent  of  a photograph,  with  the  value  stored  in  each  cell  or 
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Tabl«  la 


VXCMt  nOOTXNBS 


/rJTH'ETIC 

;CT!*^r'CT,Etfn9H 

ca.mr 

mTA  Fill 

DATA 

FOURIER 

xmmm 

Pi;aia« 

s raisE  heiwi 

eK'XHfNT 

mmjim 

TIWSSFER 

DISPLAY 

TMNSroRN 

MRK 

SIFFPIC 

AC£SPI« 

A<fRTCH| 

ccopy 

# INSECT 

ASTRTCHZ 

FFTl 

r 

■ 

CESFIKE 

t'FSNO 

RESTS 

INSERT 

DNsnwoi 

FFT1PIX 

UXTM) 

f; 

CESTRifE 

f 

SOSCEN 

SAR 

FOTO 

FFT2 

FFT2 

REPAIR 

rz 

VLOaSF 

VCOPT 

LPLOT 

Fnzz 

FI CAVE 

RESRER 

fct: 

VSAR 

IPIOTZ 

FnFIC 

FIKN 

SAA 

UNEAii 

MASK 

FHPIC 

RATIO 

NA3K 

IMSR7S 

FOUER 

iFom 

HA3K7t 

OPKRSK 

SPiKfWSiC 

Rl»:  SPLAY 

PRINTPIX 

SRHCH 

0 

« 

ROISPUT 

HlSTOGPm 

JQBF10H 

UCEL 

GEaCTRIC 

GOWJION 

IKAGE  MOTION 

ir/«£ 

irAGE 

iriAGE  SIS-SET 

railTOR 

millUATIW 

TPA’^SFOrATlON 

/I'lSPL'flf 

COrPOiSATIGN 

flEGISTPATICN 

sTATisnc; 

mncATicN 

sorniCL 

t LISTIIiS 

ASPECT 

Cl.’TRCCT 

E*sXV0 

aoT 

C£ON 

CE0.1A 

iNTERP 

LGCOn 

NACNIFT 

RAPE 

ASTRTCHZ 

FOTO 

HISTGEN 

HISTSAVE 

LIST 

MASK 

MASK7S 

ROISFUT 

SREAR7S 

PICitEG 

RANGER 

S7ERGEK 

EIGEN 

NISTCCN 

LAVE 

LIST 

IPLOT 

LPLOTZ 

PIXSTAT 

POMER 

PRUT 

STATS 

PSAR 

QSAR 

SAR 

CORETEST 

MSG 

LASCAT 

VCOPT 

VERTSLAO 

VLABEl 

m^iK 

POLMCCr 

SIZE 


OMlUiiNAti 

OP  POOB  QUALITY 


Table  la  Ccon't) 


Co 

O 


ftSAIC 
MITIPIE 
DATA  SOS 

rULTl-irAGE 

TM'SFCf^mfCN 

1*1111  SPECTRAL 
CU6SIFICATICN 

hon-ipage 

DATA 

MANIPULATION 

COSCAT 

fASTWS 

!*I5£CT 

MOSAIC 

NEUNQS 

COlORt 

COLORASM 

EI6EK 

F 

F2 

mm 

bayes 

ERROR 

FASTCUS 

SIMPLIFT 

STATS 

WCL 

fBDRfvnriNG 

SPATIAL 

FILTERING 

SVNlTjESIS 
& SlftJLATICN 

SYSTBI  LEVEL 

FCRGRE 

nil 

VERTSL06 

VU06 

VOLOG 

VSAR 

AFIlTER 

&CXF;.T 

B0XFLT2 

FASTFILl 

fastfilz 

FILTER 

FILTER2 

MEDIAN 

SIMPLIFT 

F 

F2 

GEN 

PIXH 

PSAR 

QSAR 

VGEN 

U8EXEC 

TAPE2 

VICARDSN 

VHAST 

vmo 

VTRAN 

irnERACTM 

(MR 

r«l-VICAR 

PLOTTER 

DISPIAT 

POISPLAY 

PROCaxIfB 
& MACRO 

M0RTRAN2 

LPLOT 

POWER 

ARROW 

EXPAND 

INSECT 

LPLOT2 

OPHASK 

PIXPIK 

PSAR 

QSAR 

RESANP 

TEXTAO 

CRASS 

EVIL2 

VONTF 

ill 

TiEPoiirr 
GBOATICN  OR 
TRATORMATION 

TWNSFER 

RrnioN 

OOTPENSATION 

EAKH 

ADDON 

VMOUNT 

VREHINO 

PHOTOCH 

POLYGEOM 

TPTCAT 

TPTRRNCH 

TPTSWTCH 

FICOR 

6C0CAH 

6E0TRAN 

OTFl 

OTF2 

RAOCAM 

RESEAU7S 

SMEAR75 

SOS 

LIBEXEC 


Table  lb 


Classification  and  Functions  of  VICAR  Routines 


CLASSIFICATION 

1)  Annotation 

2)  Arlthnetit  functions 

3)  Artifact,  blealsh  A noise 
renoval 

4)  Contrast  enhanceaent 

5)  Data  file  generation 

6)  Data  transfer 
7}  Display 

8)  Fourier  transform 

9}  Geometric  transformation 
10}  Histogram  general i on/d tsp lay 

11)  Image  motion  conpensation 

12)  Image  registration 

13)  Image  statistics 

14)  Image  sub-set  modification 

15)  Job  flOM  monitor  and  control 

16)  Label  manipulation  & listing 

17)  Mosaic  multiple  data  sets 


FUNCTIOtt 

provide  amiatatlon  on  Image 

arithmetic  combination  of  Image  data  set', 
and/or  numerical  data  sets 

remove  unwanted  data  from  Image 
self  explanatory 

generate  files  of  data  for  access  by  subsequent 
programs 

transfer  data  from  osie  storage  medium  to 
another,  or  one  data  set  to  another 

format  for  display 

tr:  .sform  Image  to  and  from,  or  operating  nn 
Itii-se  In,  the  Fourier  Transform  dom.»1n 

change  spatial  characteristics  of  Image 

generate  and  display  histogram 

remove  smearing  due  to  Image  motion 

geometrically  register  multiple  Images 

collect,  extract,  and/or  display  statistics  of 
data  comprlsiiic  an  Image 

modifies  or  oierates  on  sub-set  of  Image 

self  explanatory 

create,  modi  '/  or  display  label  on  VICAR  data 
set 

assemble  seseral  data  sets  into  single  data  set 
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Table  lb  (con't) 


CLASSIFICATION 

FUNCTION 

18)  MuUI-lMge  transfonaatlon 

transform  mxUiple  Images  Into  another  domain 

19}  Hulti  spectral  elasslficitlon 

Identify  ngtons  of  an  Image  which  have  common 

characterl-  tics  In  multiple  dau  planes 

20}  Non-laage  data  laanlpulatlon 

manipulate  data  which  are  In  non-data  format 

21}  Nofi-VICAR 

do  not  re  xiire  VICAR  format 

=22}  Plotter  display 

generate  a CALCOHP  plot  tape  output 

23}  Predisplay 

cond>1ne,  re-orient,  reformat,  or  annotate  for 

display 

24}  Procedures  A eacro 

assemblage  of  programs 

25}  Reformatting 

transform  data  sets  from  one  format  Into 

another 

26}  Spatial  filtering 

self  explanatory 

27}  S^thesls  A simulation 

create  Image  or  simulate  scene 

28}  System  level 

system  nature  as  opposed  to  appUcaclons 

29)  Tape  mounting  A positioning 

self  explanatory 

30}  Tiepoint  generation  or 

transformation 

31}  Transfer  function  compensation 

remove  Intervening  transfer  funrtioi! 

32}  Batch 

program  operates  In  batch  mode  only 

33}  Interactive 

program  operates  In  Interactive  mode  only 

34)  Other 
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pixel  o£  the  Image  representing  a gray  level  or  color.  But  if 
the  image  represents  a geographic  area,  the  value  in  the  pixel 
can  be  a datum  for  the  area  corresponding  to  that  pixel.  A 
principal  advantage  of  image  representation  is  that  data  for  a 
geographic  point  can  be  accessed  immediately  by  position  in  the 
image  matrix. 

The  basic  premise  of  IBIS,  then,  is  that  existing  geocoded 
data  of  any  type  can  be  referenced  to  an  image  raster  scan  that  is 
equivalent  to  an  ultra-fine  mesh  grid  cell  data  set.  There  is  no 
loss  of  special  resolution  au  is  often  the  case  with  conventional 
large-grid-cell  geocoding  systems.  If  this  raster  scan  corresponds 
to  that  of  image  data  from  a remote  sensor,  or  its  derivative  (e.g., 
a thematic  map) , then  digital  image  processing  techniques  can  be 
applied  to  Interface  the  existing  geocoded  data  and  the  remote- 
sensing-derived data.  More  than  simply  a means  of  introducing 
remotely  sensed  imagery  into  geographic  data  processing,  this  offers 
a new  approach  to  the  management  and  analysis  of  all  spatially- 
referenced  data. 

An  image-based  information  system  resolves  several  of  the 
difficulties  of  combining  in  one  system  ordinal  (geographic-coor- 
dinate) and  nominal  (district-referenced)  information,  and  of 
handling  tabular,  graphical,  and  image  data  types.  This  is 
possible  because  of  the  versatility  of  the  image  data  type,  which 
can  serve  several  purposes,  for  example; 

Physcial  Analog;  The  pixel  value  represents  a physical  variable 

such  as  elevation,  rainfall,  pollutant  level,  etc. 

District  Identification;  The  pixel  value  is  a numerical  identifier 

for  the  district  which  includes  that  pixel  area. 
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Class  Identification:  The  pixel  value  is  a numerical  identifier  for 


land  use,  land  cover,  or  any  other  area  classification  scheme. 
Tabular  Pointer*.  The  pixel  value  is  a record  pointer  to  c tabular 
record  which  applies  to  the  pixel  geographical  area. 

Point  Identification*.  The  pixel  value  identifies  a point,  or  the 
nearest  of  a set  of  points,  or  the  distance  to  the  nearest  set 
of  points. 

Line  Identification;  The  pixel  value  identifies  a line,  or  the 
nearest  of  a set  of  lines,  or  the  distance  to  the  nearest  of 
a set  of  lines. 

In  addition,  certain  pixels  can  serve  as  tie-points  tor  the  regis- 
tration of  multiple  sets  of  image  data,  or  for  translating  any  data 
set  into  the  geographic  coordinates  of  a particular  mapping  system. 

The  image  format  of  data  sets  is  conducive  to  efficient  handling 
of  many  of  the  spatial  and  geometric  calculations  which  may  need  to 
be  performed  on  multiple  geocoded  filer  for  analytical  or  modeling 
purposes.  For  example t CD  Given  a district  file  and  a«  area 
classification  file,  what  are  the  acreages  of  each  classification 
In  each  district?  (2)  Given  two  district  flies,  one  m?.jor  and  one 
minor,  what  are  the  proportions  of  each  minor  district  in  each 
major  district?  (3)  Given  a district  file  and  a line  segment, 
is  the  length  of  the  line  segment  in  each  district?  Many  such 
operations  are  difficult  and  time  consuming  if  the  working  data 
base  is  in  polygon  or  graphical  format  Clines  specified  by  their 
end  points,  and  districts  given  by  a sequence  of  line  segments). 

In  particular,  the  operation  called  "polygon  overlay"  which  solves 
(1)  and  (2)  is  extremely  unwieldy  for  large  files  in  graphical  format. 
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If  the  files  are  in  image  format,  then  polygon  overlay  becomes 
a simple  counting  operation  (Figure  8) . 

An  operation  of  special  importance  is  cross tabulation,  the 
conversion  of  data  aggregated  by  one  district  convention  to  an 
aggregation  by  another  district  convention.  The  operation  involves 
multiplying  by  a set  of  factors  which  measure  the  percentage  sub- 
areas  of  one  districting  in  the  other.  The  crosstabulation  factors 
are  derived  by  polygon  overlay  and  may  also  be  modified  by  a density 
estimate  of  the  variable  being  crosstabulated.  An  example  of  this 
using  IBIS  was  the  Pacific  Northwest  Portland  Urban  Project  in  which 
Landsat-derived  land  cover  data  was  ted>ulated  by  census  tracts, 
traffic  zones  used  in  a transportation  model,  and  2-km  grid  cells 
used  in  an  air  quality  model.  Because  census  data  (population) 
was  available  for  one  of  these  district  units  (census  tracts) , a 
population  coefficient  could  be  derived  for  the  pixels  of  each  land 
cover  class  within  each  census  tract,  based  on  the  observed  distribu- 
tion of  land  cover.  These  pixel  coefficients  could  then  be  used  to 
crosstabulate  the  census  data  by  traffic  zones  and  2-km  grid  cells 
as  required  for  input  to  the  analytical  models.^ 

Because  the  image  data  type  is  used,  capabilities  for  digital 
image  file  handling,  image  manipulation,  and  image  processing  are 
required.  Thus,  IBIS  was  built  upon  VICAR,  the  existing  image 
processing  system.  Certain  basic  image  processing  operations  are 
essential.  One  must  accomplish  image- to- image  registration,  whereby 
images  of  different  scale,  rotation,  or  map  projection  are  super- 
imposed precisely  enough  so  that  corresponding  pixels  represent 
the  same  geographic  location.  "Rubber-sheet"  registration  is  almost 
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CoR^arison  of  Polygon  Overlay  Techniques 


GRAPHICAL  FORMATS 


DISTRICT 

DISTRICT 

FILEl 

FILE  2 

(M  DISTRiaS) 

(N  DISTRICTS) 

MUST  CALCULATE 
AREA  OF  M X N 
INTERSECTIONS 
OF  POLYGONS 


IMAGE  FORMAT: 


MUST  COUNT 
K X L PIXEL 
PAIRS 


Figure  8 


Always  necossary  to  achiava  tha  naadad  dagraa  of  accuracy.  It  is 
anticipated  that  even  asotaric  image  processing  operations,  such  as 
convolution  smoothing  will  be  useful  for  certain  types  of  applica- 
tions. The  conclusion  hero  is  that  any  image-based  information 
system  must  contain  a powerful  image  processing  subsystem. 

Operationally,  IBIS  is  configured  the  same  as  VICAR,  and  tha 
two  form  an  integral  software  system.  The  processing  modules  con- 
stitute a basic  set  of  functions  operating  on  tha  various  datatypes 
to  achieve  the  kinds  of  geobase  manipulation  suggested  in  the  fore- 
going discussion.  Figure  9 is  a schematic  layout  of  the  central 
part  of  the  XBZS  system,  emphasizing  tha  interfaces  between  image, 
tabular,  and  geographical  datatypes. 

The  first  set  of  routines  convert  graphical  (polygon)  data  files 
to  digital  image  descriptions  of  regions  or  areas. 

VTRACTZ,  SCRBGEN,  VSCRBGEN  - All  three  programs  basically  have 
the  same  function,  convert  polygon  files  described  by  x,y  coordinates 
to  a VICAR  record  format,  but  each  uses  a different  input  type: 
VTRACTI  - Census  Tracts 
SCRBGEN  - Cards 
VSCRBGBH  - Tape 
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XBXS  SCHEMATIC 
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PRINT50  RfPORT 
REPORT 


1 

INTERFACE 

FILE 

1 

k 

f 

TABULAR 

FILES 

POLYREG 

POLYGEOM 

POLYSCRI8E 

FILL 

PAINT 


IMAGE 

PROCESSING 

(VICAR) 


I POLYOVLY 
[ TALLY 
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TRANSFER 
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COPOUT 


Figure  9 


43« 


POL¥KEG  - Performs  rigid  rotation  and  scaling  of  polygons  prior  to 
input  into  fOLYSCRl. 

POLVCiOM  - Perfonss  rubber  sheet  mapping  on  polygons  prior  to  input 
into  POXtYSCRS. 

POLYSCRB  - Scribes  lines  into  an  image  file,  by  setting  the  boundaries 
of  polygons  to  a particular  DD  (gray  scale)  value.  The  routine 
was  especially  designed  for  the  conversion  of  thousands  of  lines 
and  has  parameters  for  chaining  lines  and  closure  of  polygons. 

WILL  - Pills  holes,  thickens  lines  and/or  removes  noise  with  variable 
thresholds  and  window  sizes  for  enhancement  of  scribed  polygons 
prior  to  PAINT. 

PAINT  - Converts  an  image  with  scribed  polygons  into  a multi-color 
nap  where  the  DN  corresponds  to  a map  color.  The  routine  will 
handle  up  to  30,000  polygons  or  regions. 

Moving  from  top  to  bottom  in  Figure  9,  the  VZCAE  image  processing 
routines  are  next.  The  VICAR  system  presently  has  over  100  routines 
for  the  manipulation  of  images  of  varying  work  length.  Of  special 
interest  to  modellers  is  the  following  routine: 

F2  - Performs  array  arithmetic  on  a pair  of  Images  in  byte  or  halfword 
format.  The  function  to  be  applied  is  specified  by  a FORTRAN- 
like  expression. 

Polygon  information  extraction  routines  perform  the  overlay  opera- 
tion on  two  sets  of  polygons,  the  reference  polygon  created  in  PAINT 
and  digital  image  data.  Each  pixel  on  the  image  file  is  matched  with 
the  corresponding  pixsl  on  the  reference  file  and  stored  by  pixel 
pairs.  The  following  programs  are  used  in  the  overlay  process; 
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POIiYOVLY  - Produca  • histogram  (or  pixal  count)  of  ragistarad  imagas 
by  DN  values  for  single  pixels  or  a joint  histogram  by  DN  pairs 
as  generated  in  the  overlay  procedure.  Since  the  problem  of 
storage  is  critical  to  this  process,  the  user  has  three  optional 
storage  methods  specified  in  the  parameters. 

TAX^LY  • Produces  a histogram  similar  to  POLYOVLY  except  that  the  DN 
values  in  one  of  the  two  images  are  summed. 

The  results  of  POLYOVLY  and  TALLY  generate  data  files  stored  by 
column.  The  column  organised  file  is  called  the  interface  file.  This 
file  serves  as  an  interface  between  image  and  tabular  data  sets.  The 
interface  file  is  manipulated  to  produce  a report  by  the  following 
routines: 

SOltr  - Sorts  the  interface  file  into  ascending  or  descending  order 
according  to  one  or  more  columns. 

AGGRG  - Aggregates  columns  uf  numbers  using  a designated  column  as 
an  index  for  summation  in  other  columns. 

AGGRG2  - Sunvnarizes  and  collates  columns  of  numbers  to  produce  a single 
row  for  each  control  value  in  the  column  which  is  used  as  an  index. 

MF  - Performs  column  arithmetic  given  an  arithmetic  expression  in  the 
parameter  field  which  denotes  columns  such  as: 

"C5-C2/C3+100+SQRT (C2) " . 

CROSSTAB  - Tabulates  information  referenced  to  one  polygon  districting 

to  another  polygon  districting  through  the  polygon  overlay  technique. 
TRANSFER  - Change  vertically  aligned  columns  of  data  as  produced  in 
POLYOVLY  and  used  in  previous  routines  to  smaller  vertical 
columns  based  upon  data  values  (e.g. , land  use) . 
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tltCOt,  - SubstitutM  column  «Ad«x  valu«t  with  user  district  names 
or  nuad>srs. 

After  processing  by* the  above  routines#  the  interface  file  is 
ready  for  report  generation. 

MPAIIIT  - Prints  out  the  interface  file  according  to  a relatively 
simple  format. 

RBPOM  - Prints  out  the  interface  file  with  user  specified 

titles#  column  titles#  paging#  spacing#  etc.  8\d»totaling 
on  a given  control  column  can  be  requested.  There  are 
numerous  features  for  formatting  and  for  printing  alpha* 
betic  data. 

To  interface  tabular  files  and  also  to  give  tape  output  as 
an  alternative  to  report  generation#  the  following  routines  are 
used. 

COPIN  - Copies  columns  of  a tape  file  into  columns  of  the  inter- 
face file  according  to  an  index  column  in  the  interface 
file.  The  index  must  be  present  in  the  tape  file.  The 
files  must  be  sorted  according  to  the  index  and  a merge 
is  performed. 

COPOUT  - The  reverse  of  COPXN.  Columns  are  written  from  the 
interface  file  to  the  tape.^ 

Transferability.  VICAR  has  been  installed  on  an  IBM  360/67  system 
at  NASA-Ames  and  is  currently  being  considered  for  installation  C'n 
several  state  systems.  Modular  design#  FORTRAN  programming  and  good 


intarfaoM  to  oonwonly  avoiXoblo  hardwaro  aro  factors  that  «aka 
VXCAR/ZBX8  rolatlvaly  tcanafarahlo.  On  tho  othor  hand,  tha  hardware 
raqiiirMMnts  ara  auhstantlaX  and  to  aona  axtant  spaelfic  to  tha 
systaA.  Xmpl«Mntation  of  VXCAR/X8X8  cartalnly  raqulraa  a sarioua, 
long-tara  CMnitmant  on  tha  part  of  a computational  facility  ror  its 
support,  maintananca,  and  adaptation  to  usar  naads. 

Tha  source  coda  and  limited  systwn  documentation  for  VICioR 
as  configured  for  XBN  360/6S-OS/KVT  ara  ava^ahla  from  COSMIC . * 
iknothar  version  of  VXChh/XSXS  dasignad  for  use  in  an  intaraet;;.va  moda 
on  miniTOii^tar*batad  systems  la  currently  under  development  at  3PL. 


« 

« 
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ImAgs  ProcASAing  SystAtns  At  Aiaas  PetAArch  Centor 


EthAl  &AUAr  of  NASA»AmoA  dAscribod  thA  four  systems  Available 
thsrA  for  support  of  the  Wsstsm  Regional  Applications  Program: 

{1}  tho  ElActromagnAtie  Systems  Laboratory  XOIMS  (Interactive  Digital 
Image  Manipulation  System),  (2)  the  ARPANET/EDZTOR  system,  (3)  JPL's 
VICAR  software  system,  and  (4)  ERL's  image  processing  software. 

IDXMS  is  a "stand*alone"  system  based  on  software  packages 


rui^n  a dedicated  HP  3000*Series  II  minicomputer,  a COMTAL  color 
display,  and  peripherals  that  include,  in  addition  to  disks  and 
tape  drives,  an  Autotrol  digitizer  and  Tektronics  X-Y  dinplay. 

IDIMS  is  a general  purpose  ima^e  processing  system  with  a 

large  menu  of  functions,  including  routines  for  supervised  and 

unsupervised  clustering  and  maximum  likelihood  classification.  It 

is  convenient  and  effective  for  developing  spectral  classifications 

of  Landsat  data,  using  the  interactive  display  to  review  raw  data, 

identify  and  enter  training  sites,  and  obtain  test  classifications. 

2 

The  512  screen  area  can  be  used  to  display  this  number  of  Landsat 
pixels,  a smaller  portion  of  an  image  can  be  enlarged  to  fill  the 
screen,  or  a larger  portion  of  an  image  can  be  displayed  by  sub- 
sampling. Three-band  data  can  be  dis|>layed  in  false  Train- 

ing site  boundaries  are  entered  by  track  ball.  The  X-Y  display 
(with  hardcopy)  is  used  to  produce  spatial  plots  of  ter  statistics. 

The  COMTAL  is  also  useful  for  displaying  the  color-coded,  clas- 
sified data  and  district  boundary  seta  (masks)  digi^zed  on  the 
Autotrol  for  generation  of  tabular  summaries.  The  GES-EPIS  packege 
is  used  to  reference  geogrephicelly  e clessified  date  set  and  to 
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statistically  merge  Landsat-derived  and  other  geographic  data  — 
as  required  for  a multistage  sample/correlation  analysis. 

IDZMS  is  very  limited  in  its  capability  for  bulk  classification 
because  of  the  slow  speed  of  the  processor.  Bulk  jobs  are  off- 
loaded to  a CDC  7600  mainframe  computer  at  Ames  for  which  a maximum 
likehood  classifier  has  been  developed. 

Map  output  is  produced  by  lineprinter  or  DICOMED  color  film 
recorder,  devices  which  are  also  used  with  othe  Ames  systems. 

Color  photographs  taken  £rc»n  the  COM7AL  screen  are  also  a simple 
and  effective  product  for  presentation  purposes. 

lOIMS  has  been  the  principal  system  used  for  training  at  Ames 
and  has  supported  many  of  the  demonstration  projects  in  the  Pacific 
Northwest  and  other  WRAP  States. 

ARPANET  is  ti^ie  national  computer  network  of  the  Advanced  Research 
Projects  Agency  of  the  Department  of  Defense  and  includes  many  com- 
puter facilities  accessed  at  terminal  input  points  (TIPS)  such  as 
Ames.  The  ZLLZAC-IV-TENBX  computer  system  at  Ames  is  a focal  point 
of  the  network  and  provides  unique  computational  power  for  certain 
functions  such  as  scene  registration,  mosaicking  and  bulk  classifi- 
cation. 

EDITOR  is  a multipurpose  Landsat  classification  program  for 
use  on  ARPANET,  developed  by  the  University  of  Illinois  Center  for 
Advanced  Computation  (CAC) . Further  development  and  maintenance  of 
EDITOR  has  recently  passed  from  CAC  To  the  Institute  of  Advanced 
Computation  (lAC) , which  manages  ILLIAC,  and  a new,  user-oriented 
manual  has  been  produced.  Chief  users  of  ARPANET/EDITOR  have  been 
the  USDA  Statistical  Reporting  Service,  and  the  USGS  Geography 
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Program  research  group  stationed  at  Ames  under  the  direction  of 
Iieonard  Gaydos.  The  system  has  been  used  for  the  Puget  Sound 
Urban  Land  Use  Project  and  for  other  USGS-assisted  work  in  Idaho, 
Alaska,  and  the  San  Francisco  Bay  Area. 

EDITOR  does  not  utilize  a color  display.  However,  it  can  be 
characterized  as  an  interactive  system.  An  on-line  digitizer  is 
the  key  to  such  operations  as  development  of  a calibration  file 
for  image-to-map  reference,  introduction  of  training  sites  and 
strata  boundaries,  and  digitization  of  district  boundaries  for  data 
summary.  Transmission  to  tnd  from  the  terminal  is  primarily  conver- 
sational (instructions,  coinnands,  statistics),  plus  small  amounts  of 
data  (map  coordinates,  classified  Landsat  data  for  small  windows) . 

The  language  is  "friendly,"  incorporating  a prompt  system  and  an 
automatic  hierarchy  of  statements. 

Gaydos  describes  the  process  of  interactive  classification  using 
EDITOR  as  "guided  clustering,”  a condsination  of  supervised  and  unsu- 
pervised routines,  in  stages,  with  evaluation  and  editing  of  cluster 
statistics  at  each  stage.  Scattergrams  of  raw  data,  spatial  plots 
of  cluster  statistics,  and  test  classificatins  of  small  windows  are 
feedback  mechanisms  used  for  evaluation.  All  this  is  received  on 
the  llneprinter  terminal,  except  for  cluster  plots,  which  are  drawn 
on  the  X-y  plotter  which  is  also  used  to  check  digitization.  The 
chief  disadvantage  of  the  lack  of  a display  is  in  evaluating  results 
for  larger  areas  or  for  a whole  study  area.  The  analyst  must  wait 
for  production  of.  bulk  llneprinter  or  DICOMEO  color-coded  map  output. 

During  the  past  year.  Professors  Larry  Fox  at  Humboldt  State 
University  and  Duane  Shinn  at  the  University  of  Washington  have 


participated  in  deit»nstrationa  of  ARPAI^ET/EDXTOR  use  from  remote 
terminals  linked  to  the  Ames  TIP  by  telephone  line.  Professor 
Shinn  commented  that  this  configuration  proved  workable  for  most 
operations#  however  noise  in  the  phone  line  prevented  on-line 
digitization  of  multi-part  district  map  files. 

Access  to  ABPAMST  remains  a problem  because  of  the  lack  of 
other  available  TIPS  in  the  Western  States#  and  the  relatively  high 
cost  of  regulf r phone  or  leased  line  connection.  XAC  support  for 
widespread  use  of  ARPANET/EDITOR  is  also  an  unresolved  issue  at 
this  t..‘jae. 

The  two  other  systems  operating  at  Ames  are  the  Jet  Propulsion 
Laboratory  VICAR  and  Earth  Resources  Laboratory  software  packages 
described  earlier  in  this  paper.  The  basic  VICAR  routines  for  image 
logging,  geometric  correction#  and  supervised  classification  are 
operated  in  batch  mode  on  the  Ames  IBM  360/67  computer.  Additional 
routines#  including  IBIS#  will  be  added  in  the  near  future.  VICAR- 
IBZS  will  be  used  at  Ames  for  training  and  demonstrations#  and  as  a 
test  for  assisting  some  WRAP  states  in  transferring  this  software 
system  to  tbeir  own  computer  facilities.  The  basic  IRL  image 
processing  software  modules  are  also  running,  in  batch  mode  only, 
on  the  SEL-32-55  computer  at  Ames,  and  are  being  evaluated  for 
special  capabilities  that  they  can  add  to  Ames'  present  complement 
of  digital  processing  technology. 
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Questionnaire  Assessing  Digital  Image  Processing  Capability 

The  questionnaire  distributed  to  participants  in  the  Computer 
Processing  Workshop  is  an  attachment  to  this  paper.  The  quaation~ 
naire  was  intended  to  survey  existing  image  processing  capability 
at  colleges  and  universities,  i.e.,  functioning  hardware/software 
systems,  and  also  potential  capability  represented  by  system  com- 
ponents such  as  computers,  display  devices,  and  other  hardware. 
Current  use  of  either  type  of  capability  was  queried,  as  well  as 
interest  in  acquiring  NASA-developed  software  or  in  obtaining  access 
to  the  ARPANET/EDITOA  system. 

Responses  are  summarized  in  Table  2.  Within  the  WRAP  states, 
there  were  26  respondents  representing  20  academic  institutions. 
Eleven  institutions  indicated  a functioning  capability  for  digital 
image  processing.  This  Included  4 institutions  in  California  (only 
one  campus  of  the  University  of  California  was  represented) , and 
one  institution  each  in  Alaska,  Arizona,  Colorado,  South  Dakota, 
Utah,  Oregon  and  Washington.  An  additional  3 institutions  that  did 
not  indicate  a functioning  capability  appear  to  have  significant 
potential  capability  in  terms  of  hardware,  and  indicated  an  inter- 
est in  pursuing  development.  Fifteen  institutions  in  the  WRAP 
States  indicated  interest  either  in  acquiring  NASA-developed 
software  or  obtaining  access  to  ARPANET. 
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TABLE  2 

SUMMARY  OF  QUESTIONHAIRE  RESPONSES 

digital  image  PROCESSING  CAPABILITY  OF  WESTERN  STATES’  ACADEMIC  INSTITUTIONS 
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INTRODUCTION 


The  purpose  of  this  paper  Is  to  define  the  problems,  state  the  objectives, 
and  address  the  Issues  that  are  most  likely  to  be  of  concern  to  educators  when 
they  are  called  upon  to  teach  courses  Involving  the  reduction  (Interpretation) 
of  remote  sensing  data  by  visual  means.  The  paper  will  consider  the  following 
topics  In  sequence:  (1)  the  Information  requirements  of  those  who  use  remote 
sensing-derived  Information;  (2)  some  general  educational  concepts  that  are 
Involved  In  teaching  students  how  to  generate  the  desired  information  from  a 
visual  analysis  of  remote  sensing  data;  (3)  some  principles  and  techniques  that 
are  specific  to  the  photo  Interpretation  process;  (4)  concepts  Involved  in  the 
inaking  of  photo  measurements,  as  dictated  by  the  geometry  of  remote  sensing 
imagery;  (5)  the  nature  and  use  of  various  kinds  of  mapping,  plotting  and 
photo  interpretation  equipment;  and  (6)  s«ne  special  considerations  with  respect 
to  "convergence  of  evidence"  and  other  principles  involved  in  the  interpretation 
of  photographs.  The  paper  will  conclude  with  an  Appendix  dealing  with  a 
reccxnmended  procedure  for  determining  the  usefulness  of  any  given  type  of 
aerial  or  space  photography  in  relation  to  the  inventory  of  natural  resources. 

The  fact  that  this  conference  has  been  called  suggests  that  there  is  some 
degree  of  apprehension  and  possibly  a real  basis  for  the  assumption  that  efforts 
in  the  field  of  remote  sensing  education,  and  thus  in  technology  transfer  and 
application,  are  not  keeping  pace  with  advancements  in  the  science  and  art. 
Granted  that  this  may  be  a valid  assunqpttion,  the  primary  problem  and  challenge 
which  we  face  is  to  devise  and  implement  ways  and  means  of  catching  up  and  of 
keeping  remote  sensing  education  and  training  mere  nearly  abreast  of  the  rapidly 
advancing  science  and  technology.  Our  goal  in  this  presentation  is  to  stimulate 
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you  to  think  with  us  tnd  contribute  Ideas  on  hcM  this  might  be  achieved 
In  the  area  of  visual  analysis  of  r^te  sensing  Imagery. 

In  the  Instructions  that  were  given  to  us  by  the  conveners  of  this 
Conference  of  Remote  Sensing  Educators  we  were  advised  that  we  should » tdten 
addressing  each  of  the  above-listed  topics*  suggest  the  methods  and  strategies 
which  an  educator  ml^t  best  use  In  teaching  It.  Ctmsequently,  the  material 
contained  In  this  paper  consists  of  an  admixture  of  two  elements:  basic 

Information  relative  to  each  of  the  above-listed  topics,  and  (b)  recommendations 
on  how  that  topic  might  best  be  presented  by  an  Instructor. 

Many  of  the  factors  that  relate  to  the  reduction  of  remote  sensing  data  by 
visual  means  have  been  dealt  with  by  other  participants  In  this  conference. 

These  Include  considerations  with  respect  to  (1)  equ1(Mnent  and  techniques  used 
In  the  acquisition  of  remote  sensing  data;  (2)  criteria  for  use  In  selecting 
Image  analysts;  (3)  curricula  for  use  In  training  them;  and  (4)  specific 
textbooks,  syllabi,  multi-media  presentations,  and  other  aids  for  teaching 
such  curricula.  In  the  Interest  of  avoiding  duplication,  we  will  Include 
material  In  the  above-listed  categories  only  as  necessary  to  provide  continuity 
to  the  general  discussion  and  relate  to  the  specific  exan^les  that  are  about 
to  be  presented. 
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INFORMATION  REQUIREMENTS  OF  THE  USERS 


At  the  (Nitset,  any  Instructor  seeking  to  teach  the  subject  of  "Remote 
Sensing  Data  Reduction  by  Visual  Means"  should  encourage  student  consideration 
at  to  the  Information  requirements  of  the  primary  users  of  the  resulting 
products.  Even  a cursory  examlnatltm  of  this  matter  will  reveal  that 
virtually  everyone  Is  a "potential  user",  to  one  degree  or  another,  of  such 
Information.  lYterefore,  the  Instructor  would  be  well  advised  to  be  selective 
and  propose  that  this  phase  of  the  Instruction  be  centered  around  some 
ln^rtant  and  highly  representative  category  of  users.  It  would  be  Ideal  If  * 
he  could  select  for  consideration  iom  category  of  users  who  (1)  would  be 
mcmg  those  who  would  have  the  greatest  use  for  remote  sensing  data  on  a 
continuing  basis,  and  (2)  would  be  sufficiently  representative  of  the  entire 
world-wide  "user  community"  that  principles  of  application  could  be  clearly 
Identified  and  stated,  so  Inferences  could  be  drawn  from  this  discussion  as 
to  hCHd  others  also  might  use  reflate  sensing  data.  Perhaps  the  category  of 
users  that  ml^t  best  satisfy  these  two  criteria  Is  the  one  ctxnposed  of 
Individuals  who  are  directly  concerned  with  the  Inventory  and  management  of 
the  Earth's  natural  resources.  In  focusing  on  this  category  of  users  the 
Instructor  should  briefly  but  concisely  Indicate  why  such  scientists  have 
a strwig  and  continuing  Interest  In  remote  sensing-derived  Information. 

Given  this  central  focus  on  managers  of  the  Earth's  natural  resources, 
the  InstriKtor,  we  believe,  should  broaden  his  conceptual  coverage  beyond 
the  renewable  natural  resource  fields  of  forestry,  range,  agriculture,  watershed, 
wildlife  and  recreation  to  bring  Into  proper  relationship  two  other  elements 
In  rational  management  of  the  Earth's  resources— namely,  nonrenewable  resources,  the 


exploitation  of  which  Is  having  a progressively  greater  Impact  on  renewable 
resource  management  and  secondly,  the  very  complicated  and  politically 
sensitive  area  of  land  use.  Land>use  planning  Is  one  of  the  most  rapidly 
growing  areas  of  (temand  for  Information  which  can  be  met  by  a well 'designed 
remote  sensing  approach.  The  requirements  In  these  areas  should  be  brought 
Into  perspective  along  with  renewable  resources  even  though  we  recognize 
that  remote  sensing  application  In  geology  and  In  land-use  planning  can  and 
must  eventually  Involve  studies  In  depth  and  In  their  own  right.  When  we 
fall  to  put  the  remote  sensing  and  Information  needs  for  land -use  planning  and 
for  certain  kinds  of  nonrenewable,  resource  exploitation  In  the  ecological 

e 

context  of  an  Integrated  Inventory  and  analysis  of  the  ecosystems. comprising 
a specified  geographic  segment  of  the  biosphere,  we  often  foster  a superficial 

approach  to  the  evaluation  of  alternatives  in  the  land-use  decision  process. 

• « 

Thus,  It  Is  extremely  Important  to  make  clear  to  the  students  of  remote 
sensing,  the  Integrated  ecosystems  context  within  which  he  must  work  regardless 
of  his  professional  speclafty  In  the  earth  sciences. 

At  this  point  the^nstructor  might  emphasize  that  no  complex  rationale 

0 * 

* is  required  In  order  tcft^l ate* remote  sensing  of  the  Earth's  surface  to  the 
wise  management  of  such  earth  resources  as  timber,  forage,  soils,  water, 
minerals,  agricultural  crops,  livestock,  fish  and  wildlife,  and  to  land-use. 

In  fact,  he  might  briefly  but  effectively  dispose  of  this  matter  by  expressing 

o 

the  rationale  In  a simple,  five-part  statement  somevdiat  as  follows: 

1.  Whether  viewed  on  a local,  regional,  national,  or  global  basis,  the 
hwnan  demand  for  most  kinds  of  earth  resources  is  rapidly  increasing  at  the 
very  time  when  the  supply  of  many  of  them  is  rapidly  dwindling  and  the  quality 
of  others  is  rapidly  deteriorating. 
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2.  This  situation  makes  it  imperative  that  the  alternatives  and 
consequences  in  resource  and  land  allocation  for  economic  production, 
expansion  and  development,  and  for  esthetic,  education  and  scientific  values 
be  most  carefully  considered  from  an  adequate  information  base. 

3.  Given  rational,  informed  decisions  on  resource  and  land  allocation, 
the  situation  of  intense  competition  and  high  demand  for  certain  kinds  of 
resources  calls  fur  the  wisest  possible  management  of  each  of  these  resources 
in  an  effectively  integrated,  often  multiple  use,  context. 

4.  Wise  management  is  dependent  upon  informed,  rational  decisions. 

These  are  greatly  facilitated  if  timely,  accurate  inventories  are  periodically 
made  available  to  the  resource  manager,  so  that  he  will  know  at  all  times  the 
amount  and  condition  of  each  kind  of  resource  that  is  present  in  each  portion 
of  the  area  that  he  seeks  to  manage. 

5.  Almost  invariably  such  inventories  can  best  be  made  by  the 
acquisition  and  reduction  of  remote  sensing  data. 

The  usefulness  tc  the  resource  manager  of  accurate,  periodically 
acquired  information  about  the  status  of  the  "resource  complex"  within  the 
a>*ea  for  which  he  has  management  responsibility  is  most  clearly  seen  by 
students  when  the  instructor  invites  them  to  consider  that  the  wise  management 
of  earth  resources  usually  entails  a four-step  process:  inventory,  analysis, 

implementation,  and  monitoring  as  described  below. 

In  the  inventory  step  a determination  is  made  as  to  the  amount,  quality 
and  condition  ot  each  type  of  earth  resource  that  is  present  in  each  portion 
of  the  area  to  be  managed.  In  the  analysis  step,  certain  management  decisions 
are  made  with  respect  to  these  resources.  This  is  accomplished  for  each  portion 
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of  the  area  by  considering,  (a)  the  nature  and  condition  of  its  resources  as 
previously  established  in  the  inventory  step,  and  (b)  both  the  "cost- 
effectiveness"  and  the  "biological  effectiveness"  of  each  management  alternative 
that  might  feasibly  by  exercised  with  respect  to  these  resources.  In  the 
implementation  step,  the  resource  manager  carries  out  each  rational  decision 
that  has  been  made  in  the  analysis  step  (e.g.,  the  decision  to  apply  the 
appropriate  fertilizer  in  certain  mineral-deficient  parts  of  an  agricultural 
area,  or  to  cut  only  the  over-mature  trees  in  a certain  portion  of  the  forest 
area,  or  to  practice  "deferred  rotvition  grazing"  in  certain  parts  of  a range- 
land  area,  or  to  invest  in  certain  development  or  rehabilitation  projects).  The 
resource  manager,  especially  when  dealing  with  such  renewable  natural  resources  as 
agricultural  crops,  timber,  and  forage  is  likely  to  find  that  these  resources 
are  highly  dynamic  rather  than  static  and  that  he  therefore  needs  to  obtain  a 
new  inventory  periodical ly--a  process  known  as  "monitorinq"--as  a means  of 
refining  the  management  program.  It  is  achieved  by  recycling  through  the  inventory 
and  analysis  steps  with  a particular  emphasis  on  assessing  the  effectiveness  of 
management  actions. 

At  this  point  the  instructor  is  likely  to  find  it  helpful  to  invite 
classroom  discussion  of  either  Table  1 or  some  suitable  modification  of  it. 

In  Table  1 we  have  listed  the  kinds  of  information  sought  (and  hopefully 
obtainable  through  remote  sensing  data  reduction)  by  workers  in  various 
disciplines  that  entail  the  inventory  and  management  of  Earth's  natural  resources. 
It  will  be  noted  there  that  we  have  listed,  under  each  discipline,  both  the 
basic  and  applied  information  sought  by  workers  in  that  discipline.  This 
two-way  subdivision  is  of  considerable  importance  in  relation  to  our  defining 
the  objective  of  data  reduction  by  visual  means.  Therefore,  if  the  instructor 
elects  to  use,  and  build  upon,  this  subdivision  he  may  wish  to  advance  the 
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TABLE  1 


BASIC  AND  APPLIED  INFORMATION  SOUGHT  THROUGH  REMOTE  SENSING 
IIT  WORKERS  IN  VARIOUS  DISCIPLINES 


I.  FORESTERS,  PASTORAL  I STS . AND  AGRICULTURALISTS 

A.  BASIC 

1.  Amount  and  distribution  of  the  "bioiMSS'' 

2.  Mature,  extent,  and  function  of 
important  "ecosystems" 

3.  Amount  and  nature  of  energy  exchange 
phenomena 

B.  APPLIED 

1.  The  species  composition  of  vegetation  in 
each  area  studied 

2.  Vigor  of  the  vegetation 

3.  Where  vegetation  lacks  vigor,  the 
causal  agent 

4.  Probable  yield  per  unit  area  and  total 
yield  in  each  vegetation  type  and 
vigor  class 

5.  In.ormation  similar  to  the  above  on 
dyn.mics  of  livestock,  wildlife  and  fish 
populations 

0.  Changes  resulting  from  past  practices 


IV.  METEOROLOGISTS 

A.  BASIC 

1.  Diurnal  and  seasonal  variations  in  cloud 
cover,  wind  velocity  and  air  temperature 
and  humidity  in  relation  to  topography 
and  geographic  locality 

2.  Accurate  statistical  data  on  the  points 
of  origin  of  storms,  the  paths  followed 
by  them,  their  intensities,  and  their 
periods  of  duration 

B.  APPLIED 

1.  Early  warning  that  a specific  storm  is 
developing 

2.  Accurate  tracking  of  the  storm's  course 

3.  Accurate  periodic  data  on  air  temperatures, 
humidity,  and  wind  velocity 

4.  A:curate  quantitative  data  on  the  response 
of  the  atmosphere  to  weather-modification 
efforts 

5.  Selection  and  assessment  of  precipitation 
and  growing  conditions  in  remote  areas 


11.  GEOLOGISTS 

A.  BASIC 

1.  Worldwide  distribution  of  geomorphic 
features 

2.  Energy  exchanges  associated  with  earth- 
quakes and  volcanic  eruptions 

3.  The  nature  of  geomorphic  and  minerali- 
zation processes 

B.  applied 

1.  Location  of  certain  or  probable  mineral 
deposits 

2.  Location  of  certain  or  probable  petro- 
leum deposits 

3.  Location  of  areas  in  which  mineral,  and 
petroleum  and  ground  water  deposits  of 
economic  importance  probably  are  lacking 

HI.  oceanographers 

A.  BASIC 

1.  Diurnal  and  seasonal  variations  in  sea 
surface  temperatures  and  subsurface 
temperatures 

2.  Vertical  and  horizontal  movements  of 
ocean  currents  and  individual  waves 

3.  Global , regional  and  subregional  shore- 
line locations,  characteristics  and  the 
changes  in  these  characteristics  with 
time 

4.  Diurnal  and  seasonal  movements  of  fish, 
algae  and  other  marine  organisms 

B.  applied 

1.  The  exact  location,  at  a given  time, 

of  ships,  icebergs,  tsunamis,  stonns,  ORIGINAL 
schools  of  fish  and  concentrations 

of  kelp  OF  POOR 

2.  The  location  of  ocean  beaches  suitable 
for  recreational  development 

3.  The  rate  of  spread  of  water-pollutants 
and  the  kind  and  severity  of  damage 
caused  by  them 

4.  Health/vigor  of  fish  and  manmal 
populations 

5.  The  formation  of  ocean  storms  and  their 
movement  to  land  areas. 


V.  hydrologists 

A.  BASIC 

1.  Quantitative  data  on  factors  involved  in 
the  hydrologic  cycle  (vegetation,  snow 
cover,  evaporation,  transpiration,  and 
energy  balance)- 

2.  Quantitative  data  on  factors  governing 
climate  (weather  patterns,  diurnal  and  ^ 
seasonal  cycles  in  weather-related  phenomena 

B.  APPLIED 

1.  The  location  of  developable  aquifers  and 
target  areas  for  ground  water  exploration 

2.  The  location  of  suitable  sites  for 
impounding  water 

3.  The  location  of  suitable  routes  for 
water  transport 

4.  The  moisture  content  of  soil  and 
vegetation 

5.  Systems  of  enhancing  ground  water 
recharge 

VI.  geographers 

A.  BASIC 

1.  Global,  regional,  subregional,  and 
local  land  use  patterns 

2.  The  nature  and  extent  of  changes  in 
vegetation,  animal  populations,  weather, 
and  human  settlement  throughout  the  world 

B.  APPLIED 

1.  The  exact  location,  at  any  given  time, 
of  facilities  for  transportation  and 
PAGE  lb  communication 

ATTAT  interplay  of  climate,  topography, 

* vegetation,  animal  life  and  human 
inhabitants  in  specific  areas 

3.  The  levels  of  economic  activity  and  the 
purchasing  habits  of  inhabitants  in 
specific  areas 

4.  Geographic  distribution  and  dynamics  of 
sccio-economic  and  political  factors 
influencing  the  production  and  use  of 
earth  resources 

5.  Land  cover  and  characteristics  related  to 
land-use  potential 
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following  brief  rationale  for  it:  Basic  research  by  definition  seeks  to 


understand  the  fundamentals  on  which  a particular  science  rests;  the  types 
of  data  derived  from  basic  research  are  therefore  called  “basic  data"  and, 
when  analyzed,  lead  to  the  tyf»s  of  basic  information  listed  in  Table  1. 

On  the  other  hand,  applied  research  seeks  to  solve  specific  problems  in  an 
applied  or  practical  manner.  The  types  of  data  derived  from  applied  research 
(and  subsequently  from  operational  systems  and  procedures  based  on  such 
research)  are  therefore  termed  "applied  data”  and,  when  analyzed,  lead  to 
the  types  of  applied  Information  listed  in  Table  1. 

Before  leaving  this  matter  the  instructor  may  wish  to  illustrate  the 
validity  of  the  consequent  categorization  of  informational  requirements  that 
has  been  set  forth  in  Table  1.  For  example  we  have  indicated  there  that 
foresters,  pastoral ists,  and  agriculturists  wish  to  acquire  basic  information 
on  "the  nature  and  distribution  of  the  earth's  biomass";  on  "the  amount  and 
nature  of  energy  exchange  phencwnena"  which  involve  vegetation,  and  on  the 
functioning  of  the  ecosystems  of  which  they  each  are  a part.  University 
scientists  in  the  disciplines  of  agriculture,  forestry,  and  range,  and  certain 
other  scientists  as  well  are,  indeed,  justifiably  interested  in  such  basic 
information,  and  in  its  long-term  significance.  This  basic  information  may 
even  be  of  some  small  interest  to  the  farmer,  pastoral  1st,  or  forester  in 
his  capacity  as  a citizen  of  the  world.  However,  he  finds  little  in  this  kind 
of  information  that  tells  him  how  better  to  grow  timber,  livestock,  or 
agricultural  crops  on  the  parcel  of  land  for  which  he  has  management  responsi- 
bility, nor  even  whether  there  is  likely  to  be  an  overproduction  or  an 
underproduction  of  the  type  of  agricultural,  range,  or  <orest  product  which 
he  is  in  the  business  of  producing.  Instead  he  needs  information  of  the 
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"applied"  type  as  to  the  vigor,  for  example,  of  ^e  vegetation  In  each  part 
of  the  forest,  rangeland,  or  farm  area  which  he  Is  attempting  to  manage. 
Furthermore,  In  those  places  where  the  vegetation  Is  suffering  from  a vigor 
loss  he  needs  to  know  the  Identity  of  the  causal  organism  or  agent  so  that 
he  can  take  the  necessary  remedial  action.  All  of  the  above  considerations 
are  reflected  In  Table  1 under  the  heading  "Foresters,  Pastoral Ists,  and 
Agriculturalists". 

The  remaining  portions  of  Table  1 give  distinctions  between  the  basic 
and  applied  Informational  needs  of  other  potential  users  of  modem  remote 
sensing  technology,  including  geologists,  hydrologists,  geographers, 
oceanographers,  and  meteorologists. 

In  considering  the  Informational  requirements  of  scientists  In  any  of 
the  disciplines  listed  in  Table  1,  the  instructor  nrast  likely  will  need  to 
provide  his  class  with  a level  of  detail  greater  than  that  given  in  the 
brief  listing  that  is  contained  in  that  table.  Realization  of  this  fact  has 
prompted  us  to  prepare,  by  way  of  example,  a second  table  which  pertains 
specifically  to  the  informational  requirements  of  those  who  are  concerned 
with  the  management  of  land  and  vegetation  resources.  Table  2 treats  these 
categories  of  vegetation  and  the  general  land  category  for  which  information 
is  sought,  viz.,  agricultural  crops,  tinker  stands,  rangeland  vegetation,  and 
land-use.  Starting  with  the  lefthand  column  of  that  table  we  see  that,  by  ind 
large,  the  users  of  agricultural  crop  data  need  only  six  categories  of 
information,  viz.,  crop  type,  crop  vigor,  crop-damaging  agents,  crop  yield 
per  acre  by  type,  total  crop  acreage  by  type,  and  total  yield  (more  properly 
called  total  "production").  Proceeding  to  columns  two  and  three  in  Table  2 
we  note  that  essentially  these  same  six  categories  of  information  likewise  are 
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TABLE  2 

USER  REQUIREMENTS  FOR  VEGETATION  AND  LAND  RESOURCE  DATA 
Type  of  Information  Desired 


For  Agricultural  Crops 

For  Timber  Stands 

For  Rangeland 

For  Land  Use  Decisions 

Type  of  Agricultural 
System  and  Crop  Type 
(species  and  variety) 

Timber  Type 
(Species  composition) 

Vegetation  Type 
(Species  composition) 

Land  Uses  and  Covertypes 

Present  crop  vigor  and 
state  of  maturity. 

Present  tree  and  stand 
vigor  by  species  and 
size  class. 

Seasonal  forage  development, 
vegetation  cover  or  density, 
condition  and  "Range  Readiness" 
(for  grazing  by  domestic  or 
wild  animals). 

Present  land  use  patterns, 
infrastructure  and  inter- 
relationships; covertypes 
giving  clues  to  kind  and 
quality  of  use  on  the 
"natural,  undeveloped” 
landscape. 

Prevalence  of  crop- 
damaging agents  by  type. 

Prevalence  of  tree- 
damaging agents  by 
type. 

Prevalence  of  forage-damaging 
agents  (weeds.  Insects,  rodents, 
diseases,  abnormal  growing 
conditions,  etc.)  by  type. 

Land  use  conflicts  and 
potential  conflicts;  land- 
use  needs  under  present  and 
alternative  economic  growth 
policies. 

Prediction  of  time  of 
maturity  and  eventual 
crop  yield  per  acre  by 
crop  type  and  vigor 
class. 

Present  timber  volume 
by  species  capacity 
and  merchantability 
classes  per  acre. 

Present  forage  production  and 
apparent  trends  in  probable 
future  productive  capacity  per 
acre  by  vegetation  type  and 
range  condition  class. 

Land  resource  availability, 
lands  (by  present  use  classes 
and  covertypes)  with  multiple 
use  potential;  for  each  land 
use  and  covertype  area, 
determining  capability  for  each 
potential  use. 

Total  acreage  within 
each  crop  type  and 
vigor  class. 

Total  acreage  within 
each  stand  type  and 
vigor  class. 

Acreage  within  each  vegetation 
type  and  condition  class. 

Acreages  by  land  use  and 
covertype  classes. 

Total  present  yield 
by  crop  type. 

Total  present  and 
probable  future  yield 
by' species  and  size 
class;  alternative  and 
secondary  values  of  the 
area  by  timber  type. 

Total  present  and  probable 
future  animal  carrying  capacity 
(domestic  and  wild)  and 
alternative  or  secondary  values 
of  the  area  by  vegetation  type. 

Human  carrying  capacity  of  the 
land  under  present  and 
alternative  economic  growth 
pol icies. 

the  ones  sought  by  the  managers  of  timber  lands,  and  rangelands,  respectively. 

It  is  further  noted  that  there  is  a very  strong  parallel  between  the  kinds 
of  Information  required  by  vegetation  managers  and  land-use  planners.  They 
fall  into  the  same  general  categories  of  basic  inventory,  negative  production 
or  decision  influences,  quality  or  productivity,  acreage  and  finally  carrying 
capacity. 

Referring  to  Table  2,  with  the  present  population  pressure  on  vegetation 
resources  and  the  land,  the  three  categories  of  vegetational  resource  managers 
shovw  are  inextricably  tied  to  the  process  of  land-use  planning  and  decision 
making  because  of  the  ever  growing  tendency  of  urban  and  industrially  oriented 
man  to  usurp  the  best  of  the  agricultural,  rangeland  and  timber  land  for  these 
other  "higher  economic  uses."  Thus,  it  is  important  to  put  the  land-use 
decision  process  in  proper  perspective  whenever  one  discusses  infomation  needs 
and  processes  In  vegetation  resource  management.  The  land-use  decision  tends 
always  to  take  place  in  a highly  political  atmosphere,  often  without  regard  to 
biological  facts,  future  needs  and  pressures  and  the  wisdom  of  long-term 
economics.  The  only  hope  for  Improving  this  situation  lies  in  providing  a 
better  quantitative  basis  for  the  land-use  decision  process  and  a good  understand- 
ing of  the  alternatives,  potentials,  and  consequences  of  land-use  change  in 
agricultural,  forested  and  rangeland  areas.  Thus,  while  the  land-use  decision 
process  requires  some  unique  kinds  of  information  as  Indicated  in  column  4, 

Table  2,  it  also  requires  an  Intimate  awareness  of  the  factors  in  each  of  the 
remaining  three  colutmis  according  to  dominant  vegetational  resource. 

Next  the  Instructor  might  raise  the  question  dealt  with  in  Table  3,  viz., 

"how  quickly  and  how  frequently  do  the  users  need  the  infomation?".  Obviously 
this  matter  will  be  great  relevance  when  consideration  is  given,  a short  time 
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TABLE  3 

USER  REQUIREMENTS  FOR  VEGETATION  AND  LAND  RESOURCE  DATA 
Frequency  With  Which  the  Information  is  Needed  (Examples  Only) 

To  Convert  This  Table  to  "Rapidity  With  Which  Information  is  Needed",  Use  "Half-Life  Concept"  (See  Text) 


For  Agricultural  Crops 


For  Timber  Stands 


For  Rangeland 


For  Land-Use  Decisions 


10-20  mins.  - Detect  the 
start  of  rangeland  and 
brushfield  fires  during 


10-20  mins.-  Not 
appi icable. 


10-20  mins.  - Observe  the 
advancing  waterline  in  crcp- 
lanc's  during  disastrous  floods. 
Observe  the  start  cf  locust 
flights  in  agricultural  areas. 

10-20  hrs.  - Map  perimeter  of 
on-going  floods  and  locust 
flights.  Monitor  the  Wheat 
Belt  for  outbreaks  of  Black 
Stem  Rust  due  to  spore  showers. 

10-20  days  - Map  progress  of 
crops  as  an  aid  to  crop  iden- 
tification using  "crop  calen- 
dars" and  to  estimating  date 
to  begin  harvesting  operations. 


10-20  mos.-  Facilitate  annual 
inspection  of  crop  rotation 
and  of  compliance  with  federal 
requirements  for  benefit 
payments . 

10-20  yrs.-  Observe  growth  and 
mortality  rates  in  orchards. 


20-100  yrs.  - Observe 
shifting  cultivation  patterns. 


10-20  mins.  - Detect  the  start 
of  forest  fires  during  periods 
when  there  is  a high  "Fire 
Danger  Rating". 

10-20  hrs.-  Map  perimeter 
of  on-going  forest  fires. 


10-20  days  - Detect  start 
of  insect  outbreaks  in 
timber  stands. 


10-20  mos.-  Facilitate 
annual  inspection  of 
firebreaks. 


10-20  yrs .-  Observe  growth 
and  mortality  rates  in 
timber  stands. 


20-100  yrs.-  Observe  plant 
succession  trends  in  the 
forest . 


periods  when  there  is  a 
high  "Fire  Danger  Rating". 

10-20  hi^s  - Map  perimeter 
of  on-going  rangeland  and 
brushfield  fires. 


10-20  days  - Update  infor- 
mation on  "Range  Readiness" 
for  grazing,  on  forest 
utilization  in  critical 
periods  and  also  informa- 
tion on  times  of  flowering 
and  pollen  production  in 
relation  to  the  bee  industry 
and  to  hay  fever  problems. 

10-20  mos.-  Facilitate 
annual  inspection  of  fire- 
breaks, range  production 
and  range  conditions. 


10-20  yrs.  - Observe  signs 
cf  range  improvement  or 
deterioration,  study  the 
spread  of  noxious  or  poison- 
ous weeds.  Observe  changes 
in  "Edge  Effect"  of  brush- 
fields  that  affect  suita- 
bility as  wildlife  habitat. 

20-100  yrs.-  Observe  major 
plant  succession  trends  on 
rangelands  and  brushfields. 


10-20  hrs.-  Not 
applicable. 


10-20  days  - Monitoring 
comp) iance  with  certain 
codes  and  construction 
itself  in  critical  areas 
of  land-use  change  or 
during  peak  construction 
periods. 


10-20  mos.-  Monitoring 
development  and  land-use 
change  in  critical  areas 
for  enforcement  of  codes 
and  keeping  valuations 
equitable  and  up  to  date. 

10-20  yrs.-  Reassess  situa- 
tion  as  per  Table  2,  Col.  4 
to  fine-tune  long  term  land- 
use  plan  and  reevaluate 
policies.  Provide  improved 
data  for  prediction  models 
and  trend  analysis.  Revise 
or  set  long-term  economic 
development  goals. 

20-100  yrs.-  Document  long- 
term  changes  in  land-use 
and  monitor  attainment  of 
long-term  development  goals. 


later  In  the  course,  to  man's  ability  to  derive  this  Information  through  the 
reduction  of  retmite  sensing  data  by  visual  means.  It  will  be  noted  In 
Table  3 that  the  same  headings  as  appeared  In  Table  Z have  been  used  for  the 
four  vertical  columns.  At  the  risk  of  some  oversimplification,  this  table 
lists  six  time  Intervals  that  are  Indicative  of  the  frequency  with  which 
various  kinds  of  Information  about  vegetation  and  land  resources  are  needed 
{10-20  minutes;  10-20  hours;  10-20  days;  10-20  months;  10-20  years;  and  20-100 
years) . 

In  inviting  students  to  consider  relationships  between  the  frequency 
with  which  Earth  resource  data  should  be  collected  and  the  rapidity  with 
which  the  collected  data  should  be  processed,  the  instructor  might  wish  to 
employ  the  term  "half-life"  in  much  the  same  way  as  it  has  been  employed  by 
radiologists  and  atomic  physicists.  The  shorter  the  Isotope's  half-life,  the 
more  quickly  a scientist  must  work  with  it  once  a supply  has  been  issued  to 
him.  One  half-life  after  he  has  acquired  the  material  only  half  of  the  original 
amount  is  still  useful;  two  half-lives  after  acquisition  only  one  quarter  of 
the  original  amount  is  useful,  etc. 

By  coincidence  or  otherwise,  this  half-life  concept  seems  to  apply 
remarkably  well  to  nearly  every  item  listed  in  Table  3.  Specifical ly,  if  the 
desired  frequency  of  acquisition  of  any  given  type  of  Information,  as  listed 
In  that  table.  Is  divided  by  two,  a figure  is  obtained  indicating  the  maximum 
time  after  data  acquisition  by  which  that  particular  item  of  information 
should  have  been  extracted  from  the  data  and  put  to  use.  It  is  true  that  some 
value  will  accrue  even  If  that  item  of  information  does  not  become  known  to 
the  resource  manager  until  somewhat  later.  But  the  rate  at  which  the  value  of 
tha  information  "decays"  is  in  remarkably  close  conformity  to  the  half-life 


concept . 
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Some  students,  on  being  exposed  to  this  concept,  will  very  likely 
regard  It  as  an  oversimplification,  fraught  with  errors  and  Inconsistencies. 

If  so,  a thoughtful  and  stimulating  discussion  should  ensue  which,  according 
to  some  experts  on  the  strategy  of  teaching,  represents  the  educational 
process  at  Its  best. 

As  previously  Indicated,  there  Is  a high  degree  of  diversity  In  the  user 
requirement  for  Information  on  the  vegetation  and  land  resources  of  an  area. 
Consequently,  the  three  tables  which  have  just  been  presented  probably  would 
be  considered  in  need  of  major  modification  before  they  would  accurately 
portray  the  Informational  needs  of  any  particular  user.  For  example,  many 
users  think  almost  entirely  In  terms  of  protecting  the  vegetation  resource 
from  damaging  agents,  occasionally  even  through  the  extreme  of  non-use,  and 
thus  would  view  the  problem  somewhat  more  narrowly  than  we  have  viewed  it 
here.  On  the  other  hand,  there  are  those  who  think  of  the  vegetation  resource 
as  one  of  the  many  items  which  comprise  the  total  "resource  complex"  in  a 
given  land  area  which  they  must  manage  as  a nonrenewable  resource  but  with  a 
multiple-use  intent  of  conversion  to  economic  goods.  Almost  certainly  they 
would  view  the  problem  more  broadly  than  we  have  in  these  tables,  and  in  so 
doing  would  point  to  the  importance  of  such  non-vegetational  components  as 
landforms,  soils,  water,  minerals,  wildlife,  and  recreational  potential. 
Therefore,  as  part  of  the  "strategy"  for  teaching  this  part  of  the  course,  the 
instructor  might  first  point  out  these  narrower  and  broader  ways  of  viewing 
the  matter  and  encourage  student  reaction. 

Finally,  as  a class  exercise,  the  attempt  might  be  made  to  construct, 
for  non-vegetation  resources,  tables  similar  to  those  that  have  been  presented 
here  for  vegetation  resources.  It  is  probable  that,  upon  completion  of  that 
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effort,  adequate  attention  would  have  been  given  to  the  Information  requirements 
of  those  who  are  the  potential  users  of  Information  that  can  be  obtained 
through  the  visual  analysis  of  remote  sensing  data.  Consequently.  In  the  light 
of  that  knowledge,  the  Instruction  could  then  be  directed  (along  the  lines 
Indicated  in  the  remainder  of  this  paper)  to  the  principles,  equipment,  and 
techniques  used  In  deriving  such  Information  through  the  visual  analysis  of 
remote  sensing  data. 
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EDUCATIONAL  CONCEPTS  THAT  ARE  INVOLVED  IN  TEACHING  STUDENTS  HOW  TO 
VISUALLY  GENERATE  INFORMATION  FROM  AN  ANALYSIS  OF  REMOTE  SENSING  DATA 


Certain  of  these  concepts  are  of  sjch  a general  nature  that  they  need 
to  be  considered  In  the  teaching  of  virtually  any  subject  matter,  whether  It 
deals  with  remote  sensing  or  not.  Recognition  of  this  fact  has  led  various 
thoughtful  educators  to  prepare  “rating  sheets"  by  n»ans  of  which  students 
can  evaluate  the  effectiveness  with  which  any  given  course  has  been  presented 
to  them.  Such  rating  sheets  usually  consist  of  a series  of  questions,  each 
of  which  deals  with  some  Important  factor  In  relation  to  the  effectiveness 
with  which  the  course  has  been  taught.  Perhaps  there  is  no  better  way  for 
us  to  succinctly  cover  these  general  educaticiial  concepts  than  through  a 
listing,  as  in  Table  4,  of  certain  of  the  questions  which  are  most  ccmmonly 
found  In  such  rating  sheets. 

Every  educator  owes  it  to  himself,  and  also  owes  it  to  his  students, 
to  be  famniar  with  questions  of  the  type  appearing  In  Table  4 and  with  the 
educational  concepts  on  which  those  questions  rest.  So  basic  are  they  to 
success  In  teaching  that  It  would  be  presumptuous  of  us  to  Include  them 
here,  were  It  not  for  one  deplorable  fact:  Most  educators  at  the  college 
or  university  level  (i.e.,  at  the  level  represented  by  the  attendees  at  this 
Conference  of  Remote  Sensing  Educators)  have  never  received  Instruction  In 
tow  to  teach  effectively.  For  some  reason  the  tradition  has  developed  over 
the  years  that,  if  an  Individual  possesses  an  advanced  degree  In  sonte  subject 
matter  area  from  a respectable  Institution  of  higher  learning,  he  Is  well 
equipped  to  teach  that  subject  to  college  or  university  level  students  even 
though  he  has  never  taken  courses  in  the  field  of  Education— I.e. , In  tow  to 
teach.  The  1mportan*.e  of  such  courses  is  acknowledged  elsewhere,  however; 
for  example,  unless  he  has  taken  such  courses,  he  probably  would  not  be 
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TABLE  4 - SOME  TYPICAL  QUESTIONS  USED  IN  EVALUATING  REMOTE  SENSING 
INSTRUCTORS  AND  COURSES 


I.  The  Instructor 

A.  Is  he  kfMMledgeable  about  material  covered  In  the  course? 

B.  Does  he  take  care  to  differentiate  betMeen  estabVshed  facts  and 
personal  opinions? 

C.  Does  he  present  the  material  rlearly,  concisely  and  In  a w«ll 
organited  fashion? 

D.  Does  he  stiimjiate  class  discussion  and  respond  courteously  and 
forthrightly  to  questions? 

E.  Are  his  ex'inl nations  clearly  worded,  adequately  comprehensive, 
of  reasonaole  length  and  frequency,  and  fairly  graded? 

F.  Does  he  show  enthusiasm  for  the  subject  matter  and  Instill  this 
enthusiasm  In  the  students? 

G.  Is  he  Interested  In  the  students  as^human  beings  even  to  the 
point  of  learning  their  first  names  and  making  himself  available 
for  personal  conferences? 


II.  The  Course 

A.  Is  there  a required  text  that  Is  used  effectively? 

B.  Are  representative  photographs  and  other  forms  of  Imagery 
Incorporated  Into  the  course  and  used  as  the  basis  for  laboratory 
or  workshop  problem  sets? 

C.  Is  the  laboratory  working  space  suitably  furnished  and  lighted? 

D.  Is  adequate  photo  Interpretation  equipment  available  and  is  It 
effectively  used  In  “hands  on"  training  exercises? 

E.  After  problem  sets  have  been  completed  Is  an  accurate  “school 
solution"  presented  against  which  a student  can  gauge  his  performance? 

F.  Is  the  course  made  suitably  broad  through  the  use  of  additional 
Image  examples  In  the  form  of  slides,  motion  pictures,  demonstration 
posters,  etc.? 

G. ®Is  effective  use  made  of  field  trips  and  occasional  guest  lecturers 

as  opportunity  permits? 

H.  Upon  completion  of  the  course  Is  each  student  given  the  opportunity 
to  give  a frank,  discreet,  constructive  appraisal  of  It? 
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considered  ide<|uete1y  trained  to  teach  students  In  any  of  the  elenentary 
or  high  school  grades.  Furthermore!  despite  lip  service  given  to  the  concept 
that  the  promotahlllty  of  a professor  depends  primarily  upon  his  d^nstrated 
teaching  ability*  It  has  been  our  experience  that  any  professor  who.  over  the 
years,  has  made  kncMn  the  results  of  his  research  efforts  by  (Mbilshing  a 
sufficient  number  of  articles  In  "referee  journals"  has  axlomatlcally 
demonstrated  his  worthiness  for  prmnotlon.  This  seems  to  be  so  even  though 
It  Is  ackn(Mledged  that  s|ich  activity  usually  provides  little  or  no  evidence 
of  his  ability  to  fulfill  his  primary  responsibility  In  teaching,  rather 
than  In  conducting  j^esearch  and  writing  scientific  papers  about  It. 

While  we  readily  acknowledge  that  there  are  commendable  exceptions  to 
the  generalizations  that  have  just  been  given,  and  that  one  can  learn  the 
principles  and  procedures  for  effective  teaching  without  voluminous  and  often 
redundant  course  work  In  the  subject,  we  consider  It  very  probable  that  many 
an  educator  attending  this  conference  will  find  It  quite  revealing  to  evaluate 
his  own  teaching  ability  In  relation  to  the  questions  contained  In  Table  4. 

Our  apologies  go  to  those  who  do  not  find  It  so— and  our  assurances,  also, 
that  we  will  not  further  belabor  this  topic. 

Corollary  with  the  question  of  qualifications  of  instructors,  we  should 
address  as  one  of  the  general  educational  concepts  the  question  of  minimum 
education  I level  for  a trainee  about  to  become  involved  in  directed  study 
of  remote  sensing.  Our  collective  view  on  this  subject  can  be  summarized 
quite  succinctly.  We  believe  that  the  visual  interpretation  of  remote  sensing 
imagery  is  very  strongly  dependent  on  the  understanding  and  capability  of  the 
interpreter  in  the  disciplinary  subject  matter  area  for  which  he  is  attempting 
to  extract  information;  thus,  we  believe  the  most  effective  education  and 
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trilnlng  in  rmoU  s^sing  will  take  place  after  the  students  ha¥e  reached 
the  equivalent  of  upfNsr  division  status  in  a resource  related  discipline, 
and  that  remote  sensing  technology  should  be  presented  as  one  of  the  profes- 
sional tools  of  that  discipline  rather  than  an  isolated  science  and  art  in 
its  own  right.  Even  t tough  we  recognize  that  r«note  sensing  technology  may 
some  day  advance  to  separate  degree  status  in  some  universities,  it  will 
be  a hollow  science  and  art  without  very  strong  and  highly  capable  input 
of  the  type  coming  only  from  understanding  of  the  disciplines  to  be  served. 

In  summary,  then,  we  believe  that  mention  of  these  two  points  - teaching 
capability  and  knowledge  of  a resource  discipline  - is  both  necessary  and 
sufficient  as  we  seek  to  treat  appropriately  one  of  the  topics  which  we 
were  asked  to  address,  viz.,  "What  are  the  general  educational  concepts  that 
are  involved  in  teaching  students  how  to  generate  information  through  the 
visual  analysis  of  remote  sensing  data?" 

There  are  certain  specific  educational  concepts,  however,  that  we  and 
our  associates  have  found  to  be  quite  important  for  successfully  teaching 
the  course  material  that  is  dealt  with  in  this  paper.  Several  of  these 
concepts  will  be  dealt  with  in  the  ranainder  of  the  present  section,  while 
others  will  be  presented  in  connection  with  some  of  the  related  topics  which 
follow: 

1.  It  is  of  paramount  importance  to  select  a single  test  site  or  instructional 
area  where  various  kinds  of  imagery  can  be  acquired  during  different  seasons, 
at  different  scales,  and  where  a wealth  of  ground  Information  can  be  accumu- 
lated and  summarized  as  a basis  for  the  instructional  program.  Such  areas 
should  be  selected  because  of  their  general  suitability  for  teaching  the 
principles  and  concepts.  It  is  not  so  important  that  they  represent  any 
l^rticular  kind  of  resource  area;  but  generally  speaking,  to  the  extent  that 


they  do  represent  imjitiple  land-use  possibilities  and  varying  resource 
conditions  in  a relatively  compact  area,  easily  accessible  by  road,  the 
laboratory  area  approaches  the  ideal.  One  such  example  is  the  Bucks  Lake 
test  area  developed* by  the  University  of  California,  Berkeley,  where  the 
following  kinds  of  remote  sensing  data  and  background  information  have,  for 
example,  been  accumulated:  (1)  Conventional  large  scale  (1/20,000)  aerial 

photos  in  color,  color  infrared  and  four  black-and-white  film/filter  com- 
binations; (2)  High  flight  photography,  scale  1/130,000,  of  these  same  types; 
(3)  Landsat  multiband  and  color  composite  imagery  as  obtained  from  both  the 
MSS  system  and  the  RBV  system;  (4)  Day  and  night  thermal  infrared  imagery 
obtained  in  the  8-14  micron  band;  and  (5)  Side-looking  airborne  radar  (SLAR) 
imagery  obtained  in  the  1-3  centimeter  band. 

The  selection  and  concentration  on  a single  test  area  also  enables  one 
to  develop  some  highly  reliable  problen  sets  with  expertly  derived  answers 
or  solutions  to  be  used  as  a check  against  the  performance  of  the  students. 
When  all  these  advantages  are  considered,  one  can  rarely  justify  spreading 
instructional  and  laboratory  fieldwork  over  a diverse  set  of  geographically 
separated  locations.  The  important  point  is  that  the  principles  and  proce- 
dures be  learned  well.  If  this  is  achieved,  capable  students  can  easily  adapt 
to  the  requirements  of  their  own  discipline  should  it  not  have  been  included 
in  the  sample  laboratory  problem. 

2.  One  of  the  most  important  educational  concepts  in  remote  sensing 
instruction  is  derived  from  the  very  nature  of  the  subject  itself.  It  is 
admirably  suited  to  teaching  through  hands-on  problem  sets,  laboratory  and  by 
field  exercises  which  drive  home  the  principles  through  direct  student 
involvement.  In  the  main,  the  principles  of  visual  interpretation  of  remote 
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sensing  Imagery  are  well  covered  In  textbooks  and  manuals.  The  essentials 
can  easily  be  summarized  from  these  standard  references  In  the  design  and 
outlining  of  laboratory  problems  and  procedures.  Thus,  visual  Interpretation 
Is  not  a sibject  In  which  we  would  generally  reconmend  high  dependence  on  the 
lecture  ^proach.  It  Is  our  feeling  that  the  instructor  should  always  strive 
to  minimize  formal  lecture.  He  should  emphasize  problem  sets,  laboratory 
exercises  and  the  discussion  thereof  as  the  primary  teaching  mechanism. 

The  subject  Is  also  well  suited  to  problem  and  laboratory  exercises  that 
end  In  a comparison  of  results.  Students  should  be  encouraged  to  compare 
and  discuss  both  what  they  did  and  how  they  arrived  at  their  various  decisions. 
Where  latoratory  problems  are  built  around  a single  test  area  as  suggested 
above,  it  is  also  possible  to  compare  student  results  with  a very  adequate 
standard  which  Is  a composite  of  the  Instructor's  ability,  the  cumulative 
experience  of  preceding  student  groups  and  a strong  body  of  ground  knowledge 
and  verification.  The  two  major  benefits  of  this  approach  to  instruction 
are  the  discussion  that  It  generates  and  the  reinforcement  of  learning  that  is 
achieved  through  the  group  dynamics  approach. 

3.  It  Is  also  Important  to  give  students  an  understanding  of  accuracy 
limits  and  factors  contributing  thereto.  This  can  be  done  by  Involving  them 
In  laboratory  tests  of  Interpretation  accuracy.  Such  tests  have  the  practical 
value  of  enabling  selections  of  the  most  capable  among  the  test  group  for 
operations  projects  and  selections  among  Imagery  types  for  specified  purposes. 
Following  are  some  simple  but  well-tested  and  workable  procedures  for  making 
and  presenting  the  results  of  such  tests. 

Accuracy  of  interpretation  is  conventionally  documented  by  having  a number 
of  interpreters,  after  an  appropriately  Intensive  training  period,  Identify  a 
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large  number  of  areas  representing  each  Image  and  Information  class  and  then 
displaying  the  results  In  omission/commission  error  tables  comparing  student 
answers  with  highly  accurate  “ground  truth." 

It  may  be  desirable  to  evaluate  different  kinds  of  photography  or  imagery 
to  determine  the  ones  best  suited  to  accurate  discrimination  of  essential 
information  classes.  When  the  same  task  as  recommended  in  the  previous 
paragraph  is  performed  by  several  interpreters  on  different  kinds  of  imagery, 
the  data  can  provide  a basis  for  selecting  among  the  most  appropriate  imagery 
types  on  the  basis  of  interpretation  accuracy.  By  similarly  using  about  5 to 
10  well -trained  interpreters  working  under  identical  and  strict  mapping  guide- 
lines with  the  same  legend  system  another  approach  may  be  used.  Each  interpreter 
is  asked  to  map  the  same  geographic  area  on  vach  of  the  imagery  types.  The  results 
can  then  be  compared  to  provide  a basis  for  selecting  among  the  most  appropriate 
Imagery  types  or  for  planning  how  to  use  each  of  the  selected  types  of  imagery  in 
different  parts  of  the  inventory  project.  A more  detailed  discussion  and  illustration 
of  these  considerations  will  be  found  in  Appendix  A. 

By  calculating  the  differences  in  interpretation  accuracy  among  all 
possible  comparisons  of  imagery  types,  a matrix  table  of  significant 
differences  can  be  helpful  in  making  the  best  compromises  when  selecting  the 
imaging  system  to  be  used. 

4.  It  is  highly  desirable  to  include,  in  the  laboratory  phase  of  a 
remote  sensing  course  or  workshop,  at  least  one  instructional  exercise  that 
employs  some  technique  of  projecting  both  members  of  a stereoscopic  pair  of 
photos  onto  a screen  in  such  a way  as  to  permit  the  instructor  and  all  members 
of  the  class  simultaneously  to  view  an  area  of  interest  three-dimensionally. 

This  can  be  accomplished,  for  example,  in  either  black-and-white  or  color. 
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through  the  slimiUaoeous  use  of  two  p»'ojectors  equipped  with  cross-polarized 
filters  and  projecting  the  images  onto  a smooth-surfaced  (silvered)  screen 
rather  than  onto  the  conventional  "beaded"  screen.  When  this  technique  is 
used,  each  person  viewing  the  screen,  of  course,  wears  a pair  of  spectacles 
the  lenses  of  which  are  mounted  in  cross-polerized  positions  such  that  only 
the  left  of  the  two  projected  images  is  seen  with  the  left  eye,  while  only  the 
right  image  is  seen  with  the  right  eye.  Such  three-dimensional  viewing  greatly 
facilitates  the  efforts  of  the  instructor  to  point  out  the  natural  resource 
attributes  of  an  area  and  to  consider,  with  the  students,  various  resource 
management  alternatives. 

5.  Finally,  it  is  important  for  the  instructor,  throughout  the  course, 
to  emphasize  that  most  of  the  image  analysis  done  by  humans  (especially  that 
leading  to  the  production  of  maps  of  an  area's  natural  resources)  entails  two 
distinct  steps:  (1)  delineation,  and  (2)  identification.  In  delineation  one 
merely  defines  (delineates  or  marks  out)  the  homogeneous  image  areas  in  the 
scene  according  to  specified  mapping  criteria  and  guidelines.  In  the  process 
one  may  make  tentative  decisions  as  to  which  image  areas  are  analogous.  While 
the  experienced  interpreter  may  follow  each  delineation  immediately  with  its 
identification  according  to  the  set  legend  (or  in  fact  make  the  Identification 
decision  while  the  boundary  is  being  drawn)  it  is  important  to  keep  these  two 
steps  conceptually  separate  because  of  the  different  criteria  and  considerations 
Involved.  The  manner  by  which  the  delineation  and  identification  processes 
are  done  in  visual  image  interpretation  may  be  considered  almost  unique  to  the 
science  and  art  of  remote  sensing.  The  initial  step  is  to  set  aside  what  the 
Image  does  not  represent  and  home  in  on  what  are  the  realistic  identification 
alternatives  in  each  given  instance.  This  enables  immediate  concentration  of 
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attention  on  the  evidence  and  characteristics  of  the  Images  that  discriminate 
among  the  candidate  Identifications.  Thus  It  Is  essential  to  emphasize  to  the 
student  the  Inqiortance  of  his  own  preparation  for  visual  remote  sensing 
Interpretation  by  developing  a sufficient  understanding  of  the  ecology  and 
components  of  the  landscape  so  that  he  knows  what  to  expect  and  can  quickly 
rule  out  the  possibilities  that  are  ecologically  or  biologically  Inconsistent 
with  the  scene.  The  Importance  of  this  point  Is  one  of  the  reasons  why  we 
earlier  emphasized  the  value  of  a natural  resources  disciplinary  orientation 
as  essential  background  for  training  the  most  capable  image  analysts  of 
renewable  natural  resource  conditions.  Knowing  what  to  expect  on  each  landscape 
is  generally  the  major  key  to  success. 


I 


477 


GENERAL  PRINCIPLES.  TECHNIQUES.  AND  EQUIPMENT* 


Since  this  phase  of  the  classroom  Instruction  deals  with  the  very 
fundaimntals  of  photographic  Interpretation,  the  Instructor  would  be  well 
advised  to  begin  it  by  ensuring  that  each  student  has  a clear  understanding 
of  the  meaning  of  that  term, adapted  to  the  broader  context  of  visual 
Interpretation  of  all  Image  types.  "Photographic  1 nterpretatlon" . as 
officially  defined  by  the  nomenclature  committee  of  the  tonerican  Society  of 
Photogrammetry,  Is  "the  act  of  examining  photographic  Images  for  the  purpose 
of  identifying  objects  and  judging  their  significance".  This  is  obviously 
expandable  in  scope  to  all  kinds  of  visually  Interpreted  Imagery. 

Most  photo  Interpretation  is  done  frtrni  vertical  photographs,  and  the 
vertical  view  presents  objects  on  the  Earth's  surface  In  an  unfamiliar  aspect. 
To  work  with  the  vertical  view,  the  photo  Interpreter  must  revise  his  Ideas 
of  the  external  world  and  acquire  new  habits  of  observation.  Moreover, 
objects  are  Imaged  on  aerial  and  space  photography  at  very  small  scales. 

Because  of  the  vertical  view  and  the  small  scale,  some  elements  of  appearance 
assime  greater  Inportance  in  aerial  and  space  photography  than  In  the  ground 
view,  while  others  issutr«  a lesser  In^ortance.  The  first  requirement  is  that 
the  Interpreter  become  knowledqable  about,  and  adjust  his  approach  and 
thinking  to,  these  differences. 

A.  Image  Characteristics 

The  Interpreter  of  aerial  or  space  photography  must  learn  to  pay  special 
attention  to  the  following  characteristics  of  photographic  images. 

It  Is  recognized  that  many  of  the  readers  of  this  material  will  find  little 
in  it  that  is  newsworthy.  The  material  is  nevertheless  presented  here  for 
two  reasons:  (1)  to  bring  those  Individuals  who  have  only  a limited 
understanding  of  photo  Interpretation  to  a level  adequate  for  readily  ccwipre- 
hending  the  material  covered  later  In  this  presentation;  end  (2)  to  invite 
comment  from  more  experienced  personnel  who  may  wish  to  express  alternate  views 
with  respect  to  some  of  the  concepts  that  are  presented  here. 
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1.  Sji® 

'nte  size  of  in  object  Is  one  of  the  most  useful  clues  to  Its  Ictentlty;  by 
measuring  an  unknotm  object  on  an  aerial  or  space  photograph,  the  Interpreter  can 
eliminate  from  consideration  whole  groups  of  possible  Identifications.  The  first 
step  toward  efficient  Interpretation  Is  to  narrow  down  (l.e..  to  restrict)  the 
alternatives. 

2.  Shape 

The  shapes  of  objects  seen  In  vertical  view  can  be  a powerful  tool, 
because  the  plan  view  of  objects  Is  an  In^ortant  and  smnetlmes  conclusive 
Indication  of  their  structure,  composition,  and  function.  The  vertical  view 
of  a forest  may  reveal  much  as  to  the  density  of  the  tlitoer  stand,  the  nimtber 
and  size  of  the  trees  comprising  It.  and  the  econcmilc  and  recreational  value 
of  the  forest  itself.  The  vertical  view  of  a landform  may  show  spectacular 
effects  of  tectonic  and  gradational  processes.  To  the  motorist  a cloverleaf 
road  Intersection  is  an  Incomprehensive  maze  through  which  he  must  find  his 
way  by  faith  and  by  paying  strict  attention  to  signs;  to  the  aerial  observer, 
the  Intersection  Is  perfectly  clear  in  logic,  form  and  function. 

The  value  of  shape  to  the  Interpreter  Is  that  It  establishes  the  class  of 
objects  to  which  an  unknown  must  belong;  It  frequently  allows  a conclusive 
Identification;  and  It  aids  the  understanding  of  function  and  significance. 

3.  Shadow 

The  shadows  seen  In  the  vertical  view  sometimes  help  the  Interpreter 
of  aerial  or  space  photography  by  providing  him  with  profile  representations 
of  landforms  or  other  objects  of  Interest.  The  darker  the  shadow,  the  more 
crisply  the  profile  Is  discerned. 

On  the  other  hand,  objects  on  which  shactows  fall  reflect  so  little  light 
to  the  overhead  camera  as  to  be  visible  only  dimly  or  not  at  all  In  aerial  or 
space  photographs.  If  the  Interpreter  is  Interested  not  so  much  as  using  shadow 
outlines  to  discern  profiles  that  will  help  identify  a particular 
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class  of  objects  as  he  Is  In  the  landscape  as  a whole,  he  must  forego  s«ne 
of  the  advantages  of  shattow  Idwitlflcatlon  In  order  to  see  as  much  as  possible 
of  the  ground  surface  attequately  lighted.  Sha<tows  also  can  have  Important 
effects  on  the  photo  Interpreter's  perception  of  depth,  height  or  relief. 

4.  Tone  and  Color 

Color  perception  Is  an  Important  element  of  our  awareness  of  our 
environment.  In  black-and-white  photographs,  distinctions  between  hues  are 
lost  and  objects  are  observed  In  tones  of  gray.  The  tones  of  color 
photographic  Images  are  Influenced  by  many  factors,  and  the  tones  of  familiar 
(Ejects  often  fall  to  correspond  to  our  perceptions  of  those  objects  In  nature. 
A body  of  water  may  appear  In  tones  ranging  from  green  to  black,  depending 
on  the  angle  of  sun  and  the  number  of  wave  surfaces  reflecting  light  to  the 
camera  lens.  A black  asphalt  road  may  appear  very  light  In  tone  because  of 
Its  smooth  surface.  When  the  photo  Interpreter  understands  the  factors  which 
govern  photographic  tone,  he  regards  the  tones  of  objects  of  Interest  as  major 
clues  to  their  Identity  or  c(mv>os1t1on.* 

5.  Texture 

Texture  In  photographs  Is  created  by  tonal  repetitions  In  groups  of 
objects  which  are  too  small  to  be  discerned  Individually.  It  follows  that 
the  size  of  object  required  to  produce  texture  varies  with  the  scale  of 
photography.  In  large  scale  photographs,  trees  can  be  seen  as  individuals; 
tlwlr  leaves  or  needles  cannot  be  discerned  separately,  but  contribute  to  tlw 
texture  of  the  tree  crowns.  In  photographs  of  smaller  scale,  the  crowns 

V 

Furthermore  computer-assisted  analyses  of  photographic  Images  usually  are 
commonly  based  on  tone  or  brightness  values  In  preference  to  any  other 
Image  characteristics. 


contribute  to  the  texture  of  the  whole  stand  of  trees.  In  most  of  the 
photography  that  Is  taken  from  spacecraft,  the  texture  of  a group  of 
objects  - partially  vegetated  boulder  fields  or  rock  outcrops,  for  example  - 
may  be  distinctive  enough  to  serve  as  a reliable  clue  to  the  Identity  of  the 
objects  comprising  the  group. 

6.  Pattern  and  Association 

Students  of  the  Earth  sciences  have  always  laid  great  stress  on  the 
pattern  or  spatial  arrangement  of  objects  as  an  Important  clue  to  their  origin 
or  function  or  both.  Human  geographers  and  anthropologists  study  settlement 
patterns  and  their  distribution  In  order  to  understarwl  the  effects  of 
diffusion  and  migration  In  cultural  history.  Ckitcrop  patterns  pn>v1<te 
clues  to  geologic  structure,  and  drainage  patterns  have  orderly  associations 
with  structure,  lithology,  and  soil  texture.  The  varying  relations  between 
organisms  and  their  environment  produce  characteristic  patterns  of  plant 
association. 

Many  regional  patterns  and  associations  which  formerly  could  be  studied 
only  through  laborious  ground  observations  are  Instantly  and  clearly  visible 
In  aerial  or  space  photographs.  Moreover,  such  photographs  may  capture  many 
rather  small  but  significant  patterns  which  might  be  overlooked  or  misinter- 
preted by  the  ground  observer— fracture  traces  and  tonal  "halos"  for  example. 
Indeed,  the  trained  observer  appreciates  the  significance  of  aerial  or  space 
photography  chiefly  through  his  understanding  of  patterns  and  associations  on 
the  Earth's  surface. 

B.  Activities  of  Photo  Interpretation 

The  photo  Interpreter,  according  to  a widely  accepted  statement  of  his 
work.  Identifies  Images  In  photography  and  determines  the  significance  of  the 
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objects  they  represent.  Psychological  analysis  regards  photo  Interpretation 
as  if  it  occurred  In  a time  sequence.  The  sequence  begins  with  a search 
process  which  results  in  tte  detection  of  in^rtant  images.  Certain  of  the 
images  may  need  to  be  measured.  Measurement  is  followed  by  consideration  of 
the  images  in  terms  of  information,  usually  nonpictorial,  from  the  interpreter's 
special  field  of  knowledge.  Finally,  the  interpreter  must  be  able  to  cotnnunicate 
both  his  perceptions  of  images  and  the  significance  of  the  images.  Five 
activities  of  photo  interpretation  merit  special  mention  here,  viz.,  use  of 
search  techniques,  use  of  stimuli,  measurement,  deductive  reasoning,  and 
field  checking. 

1.  Use  of  Search  Techniques 

A job  of  interpretation  could  be  tegun  by  close  exmnination  of  all  details 
which  are  tN>ught  to  be  relevant;  but  most  experienced  interpreters  prefer  to 
begin  by  scanning  the  area  as  a whole  or  a large  part  of  it.  It  is  always 
helpful,  and  usually  necessary,  to  study  the  photographs  with  reference  to  one 
or  more  maps.  The  photographs  should  be  plotted  on  an  index  map  or  overlay; 
or  a photomosaic  may  serve  as  an  index.  Another  map  of  larger  scale,  preferably 
a topographic  map,  should  be  at  hand  throughout  the  process  of  interpretation. 

Many  image  characteristics  may  provide  clues  to  the  identity  of  an 
unknown  object.  None  of  the  clues  is  infallible  by  itself;  but  if  all  or 
most  of  the  clues  point  to  the  same  conclusion,  the  conclusion  is  probably 
correct.  Photo  interpretation,  then,  is  actually  an  art  of  probabilities.  The 
principle  involved  here,  known  as  "convergence  of  evidence"  requires  the 
interpreter  first  to  recognize  basic  features  or  types  of  features  and  then 
to  consider  their  arrangement  (pattern)  in  the  areal  context.  Several 
interpretations  may  suggest  themselves.  With  ti»  aid  of  photo  interpretation 

keys,  critical  examination  of  the  evidence  usually  shows  that  all  interpretations 
but  one  are  unlikely  or  in^ossible. 
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2.  Use  of  Stlmill 


PsyclK>1o9lce1  tests  Measure  tMO  kinds  of  factors,  stiMull  and  responses. 
In  photo  Interpretation  the  stimuli  are  variations  In  the  tone,  texture, 
pattern,  configuration  and  other  characteristics  of  pfratographic  Images. 

The  stimuli  of  aerial  and  space  photography  have  meaning  for  those  Mho  study 
the  Earth's  surface  and  usually  Induce  correct  rnponses. 

3.  Measurement 

Photo  Interpreters  can  measure  the  exact  dimensions  of  Images  by  means 
of  scales  ami  other  Instruments.  Generally,  N>wever,  measurement  In  photo 
Interpretation  consists  of  a visual  estimate  of  the  size  and  shape  of  an 
(^Ject;  reasonably  correct  estimation  of  dimensions  Is  essential  to  correct 
Identification.  Such  further  activities  as  plotting  and  drawing  to  kmnm 
scales  may  also  be  regarded  as  a particular  form  of  measurement. 

4.  Deductive  RMSonIng 

The  arrangements  of  ItMges  In  pNitographs  admit  of  systematic  photo 
Interpretation  because  the  orderly  way  In  which  the  objects  are  arranged  on 
the  Earth's  surface  permits  1im>ortant  deductions  to  be  made.  From  these 
deductions  then,  the  Interpreter  comminlcates  his  response  to  a stimulus  by 
labeling  (naming  or  describing)  the  Identified  Image. 

5.  Field  Checking 

A large  body  of  knowledge  about  photo  Interpretation  has  been  accumulated 
by  patient  correlation  of  photographic  Images  w'th  the  corresporwllng  features 
as  vlev^  on  the  grouml.  Iteny  established  correlations  are  taught  as  basic 
knowledge  In  the  various  fields  of  ptoto  Interpretation.  Nevertheless,  In 
almost  every  Job  of  Interpretation  there  will  be  unknowns  or  uncertain 
conclusions  which  must  be  checked  In  the  ?1eld.  The  Interpreter  must  accept 
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the  responsibility  of  field  checking  whenever  It  Is  feasible.  In  order  to 
Mke  sure  his  work  Is  right  or.  If  It  1$  wrong,  to  fimi  out  why.  Some  types 
of  M)rk  require  field  correlation  before  and  after  the  office  Interpretation. 

The  amount  of  field  M>rk  which  will  be  necessary  varies  with  the  inttinslvenesi 
and  accuracy  requlra^nt  of  the  study  which  Is  determined  by  the  Irreversibility 
of  decisions  to  be  made  from  the  derived  (Interpreted)  Information,  the 
CMnplexIty  of  the  area,  the  quality  of  the  photographs  or  images,  and  the 
ability  of  the  Interpreter. 
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CONCEPTS  INVOLVED  IN  THE  MAKING  OF  PHOTO  MEASUREMENTS 


In  Figure  1,  three  chief  rays  define  the  positions  A',  B‘,  and  C 
occupied  on  the  negative  by  the  images  of  points  A,  B,  and  C.,  when  these 
points  are  photographed  vertically  with  a conventional  aerial  camera.  The 
perpendicular  distance,  f,  from  the  can«ra  lens  to  the  film  (negative)  is 
the  focal  length  of  the  camera.  Figure  1 also  shows  the  positive  (obtained 
by  making  a "contact  print"  from  the  negative).  The  positive  plane  is  the 
same  distance  in  front  of  the  lens  as  tte  negative  plane  is  behind  it.  Note 
that  the  positions  a,  b,  and  c in  the  positive  plane  are  in  the  same  relation 
as  the  corresponding  positions  A,  B,  and  C on  the  ground;  they  are  in  reverse 
relation  to  the  correspornling  positions  A',  B',  and  C on  the  negative, 
although  corresponding  distances  are  the  same  in  both  planes.  The  angle  which 
a chief  ray  makes  with  the  optical  axis  in  object  space  is  equal  to  the  angle 
which  the  corresponding  chief  ray  makes  with  the  optical  axis  in  image  space. 

It  is  for  this  reason  that  the  camera  is  often  referred  to  as  an  "angle-recording" 
Instrument. 

1 . Scale 

The  scale  S,  or  representative  fraction  of  a photograph  is  the  relation 
between  a distance  on  the  photograph  and  the  corresponding  distance  on  the 
ground.  For  example,  in  Figure  1: 

S = ^ (Equation  1 ) 

The  larger  the  denominator  of  the  fraction,  the  smaller  the  scale  of  the 

photograph.  As  seen  from  the  similar  triangles  acL  and  ACL,  the  scale  of  the 

photograph  can  be  determined  from  the  relation  between  the  focal  length,  f,  of 
the  camera  and  the  altitude,  H,  of  the  camera  above  the  ground  at  the  instant 
of  photography.  Then: 

S = ^ (Equation  2) 
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Figure  1.  Diagram  illustrating  how  ground  objects  are  imaged  In  both  the 
negative  plane  and  the  positive  plane  when  taking  vertical 
aerial  or  space  photographs. 


2.  Horizontal  DUtance 


When  the  scale  of  a vertical  photograirti  Is  kn(Mn,  It  can  be  used  to 
cnnpute  a horizontal  ground  distance  (AB)  by  sinple  transposition  In 
Equation  1. 

AB  « ^ (Equation  3) 

3.  Vertical  Distance 

The  height,  h,  of  an  inject  can  be  determined  from  a stereoscopic  pair 
of  vertical  photos  by  knowing  the  flying  height,  H,  at  which  tJie  photos  were 
taken  with  respect  to  the  base  of  the  object  and  by  measuring  the  stereo 
base,  P,  and  the  differential  parallax,  dP,  (see  Figure  2)  using  the  relation: 

h = f-TW  (Equation  4) 

4.  Horizontal  Angles 

A truly  vertical  photo  of  terrain  that  Is  flat  and  horizontal  has  neither 
tilt  displacements  nor  relief  displacements.  Furthers»re,  there  are  only 
minimal  distortions  of  the  photographic  Image  caused  by  lens  li^jerfectlons  or 
differential  shrinking  and  swelling  of  the  {^otographlc  film  or  paf^r.  As  a 
result  such  a photograph  shows  each  feature  In  its  correct  orthogonal  position, 
just  as  on  a map.  Consequently  horizontal  angles  can  be  measured  directly  on 
the  photograph  with  confidence  that  they  will  be  acceptably  accurate.  When 
there  are  significant  departures  from  the  above  conditions,  the  accuracy  with 
which  horizontal  angles  can  be  measured  decreases  markedly. 

5.  Vertical  Angles 

Essentially  the  same  statements  as  In  (4)  above  apply  to  the  stereoscopic 
measurement  of  vertical  angles,  as  when  determining  the  slope  of  the  terrain. 
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Flgi.Te  2 . Line  drawing  showing  derivation  of  the  parallax  equation. 
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THE  NATURE  AND  USE  OF  VARIOUS  RINDS  OF  EQUIPHENT  FOR  MAPPING,  PLOTTING, 
AND  THE  REDUCTION  OF  REMOTE  SENSING  DATA  BY  VISUAL  MEANS 


Photo  Interpreters  need  equipment  for  three  general  purposes:  viewing, 
measuring,  and  transferring  or  recording  detail.  Viewing  instruments  provide 
either  stereoscopic  or  two-dimensional  views  at  various  magnifications; 
measuring  iiistrwnents  may  be  used  on  single  photographs  o^  stereoscopic  pairs; 
instruments  which  record  or  transfer  detail  do  so  through  the  use  of  the 
"camera  lu';ida"  principle,  by  projection,  or  by  means  of  a pantograph.  This 
se..cion  describes  several  types  of  equipment  which  ordinarily  are  useful  to 
the  'isual  interpreter  of  photos  and  other  forms  of  imagery. 

1 . Viewing  Equipment 

Viewing  equipment  enables  ti;'  photo  interpreter  to  scan  and  study 
photographic  images.  Some  of  these  instruments  permit  a three-dimensional 
(stereoscopic)  view  under  various  magnifications;  others  provide  only  a 
two-dimensional  but  magnified  view  of  the  objects  imaged  in  aerial  photographs. 

Light  tables  help  the  photo  interpreter  to  select  photographs,  judge  the 
importance  or  quality  of  the  photographs,  find  certain  negatives  or  positive 
transparencies  in  a roll,  and  examine  transparencies. 

Because  of  the  adverse  base-to-height  ratio  on  Gemini,  Apollo,  Landsat  RBV, 
and  Skylab-EREP  photography,  and  on  the  side-lap  portions  of  LANDSAT  MSS  imagery, 
only  gross  vertical  features  such  as  landforms  that  have  macrorelief  can  be 
perceived  three-dimensionally  even  when  overlapping  space  photos  such  as  these 
are  properly  viewed  through  a stereoscope.  However,  such  viewing  can  greatly 
improve  the  signal-to-noise  ratio  of  the  perceived  image  by  virtue  of  "binocular 
reinforcement"  and  by  enabling  the  interpreter  better  to  relate  to  the  real  landscape. 
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2.  Stereoscopic  or  Binocular  Viewing  Instruments 

The  stereoscope,  which  provides  the  three-dimensional  view  of  photographic 
Images,  is  one  of  the  most  important  Instruments  used  in  photo  interpretation. 

The  stereoscopic  principle  is  exploited  in  many  measuring  and  plotting  instru- 
ments as  well  as  in  those  whic'  are  designed  principally  for  viewing  photographic 
images.  The  design  of  stereoscopic  viewing  instruments  utilizes  lenses  or  a 
combination  of  lenses,  mirrors,  and  prisms.  A dual  viewing  stereoscope  is  a 
particular  asset  for  training,  supervision,  and  team  interpretation.* 

3.  Density  Analysis  Devices 

Various  instruments  are  available  for  the  quantitative  analysis  of  the 
density  of  photographic  images.  These  range  all  the  way  from  the  manually 
operated  spot  densitometer  to  flying  spot  scanners  and  electronic  density 
slicers.  These  can  be  used  to  measure  and  detect  areas  of  equal  density  and 
the  latter  types  can  be  used  to  subdivide  and  give  false  color  to  a continuum 
of  density  values  in  such  a manner  that  the  density  slices  and  color  values 
correspond  to  features  of  informational  interest.  It  requires,  however,  a high 
level  of  knowledge  of  the  subjects  being  sensed  on  the  part  of  the  analyst  and 
an  intimate  and  purposeful  interaction  between  him  and  the  density  analysis 
machine.  When  this  interaction  has  identified  a density  range  with  true 
informational  value  and  an  allowable  minimum  of  noninformational  noise,  these 
instruments  can  also  be  used  automatically  and  quickly  to  determine  acreages  of 
the  selected  density  values  within  a scene. 

4.  Image  Enhancement  Devices 

The  amount  of  useful  information  that  can  be  obtained  by  the  image  analyst 
may  be  increased  if  the  imagery  is  first  "enhanced"  by  such  means  as  density 
slicing,  color  coding,  improving  the  signal -to-noise  ratio,  and  combining  multipl 

* 

If  the  stereoscope  has  a scanning  capability  it  is  all  the  more  useful  in 
these  three  respects. 
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Images  Into  a single  composite.  Some  scientists  advocate  the  use  of  multiple 
lantern  slide  projectors  or  other  optical  devices  for  this  purpose.  Others 
prefer  the  use  of  closed-circuit  color  television  equipment  or  other  electronic 
devices.  A combination  of  optical  and  electronic  devices,  however,  usually 
produces  the  greatest  amount  of  useful  Information,  especially  when  several 
multidate  and/or  multiband  Images  of  the  same  area  are  available,  each  contain- 
ing different  kinds  of  Information. 

Each  type  of  feature  on  Earth  when  It  Is  Illuminated  (e.g.,  with  beams 
from  the  sun)  tends  to  radiate  to  a space-borne  camera  or  other  sensing  device 
uniquely  different  amounts  of  energy,  wavelength-by-wavelength.  It  follows 
that  through  the  use  of  suitable  photographic  film-filter  coirt)1nat1ons  eaci 
type  of  feature  will  exhibit  a spectral  "signature"  (sometimes  termed  Its 
"spectral  response  pattern").  One  given  portion  of  that  signature  becomes 
decipherable  through  remote  sensing  with  one  particular  sensor  and  another 
portion  with  another  sensor.  This  Is  true  because  the  greater  the  amount  of 
radiant  energy  passing  through  the  collecting  optics  of  the  sensor  (within  the 
wavelength  range  to  which  the  sensor  responds)  the  greater  the  signal  strength 
or  scene  brightness  value  that  Is  recorded  (I.e.,  the  brighter  the  tone  of 
that  feature  on  a positive  Image).  Herein  lies  the  value  of  multiband  sensing, 
i.e.,  of  sensing  with  several  sensors  simultaneously,  each  recording  In  a unique 
wavelength  band.  Specifically,  the  greater  the  number  of  bands  sensed  by  a 
multiband  system  (within  certain  limits)  the  greater  the  number  of  decipherable 
elements  comprising  a feature's  spectral  signature  and  hence  the  greater  tie 
certainty  with  which  It  can  be  identified. 
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a.  Devices  for  the  Optical  Enhancement  of  Imagery 

The  most  conmnly  used  n«thod  of  optically  confining  and  enhancing 
nwltlband  and/or  multidate  Images  of  a given  geographic  area  entails  the 
making  of  black-and-white  lantern  slide  diapositlves,  each  to  a common 
photographic  scale.  One  slide  of  the  set  Is  then  projected  onto  a screen 
through  the  use  of  a suitable  lantern  slide  projector  and  a blue  filter  Is 
Interposed  in  the  optical  path.  As  a result,  shades  of  grey,  as  registered 
on  the  lantern  slide  diapositive,  are  transformed  into  shades  of  blue  on 
the  screen.  Similarly,  a second  lantern  slide  from  the  same  set  is  simul- 
taneously projected  onto  the  screen  through  a second  projector  and  is  placed 
in  common  register  with  the  first.  A green  filter  is  then  interposed  in  the 
optical  path  of  the  second  projector,  thereby  converting  shades  of  grey  as 
seen  on  the  second  lantern  slide  to  shades  of  green  on  the  screen.  Finally 
(assuming  in  this  simple  instance  that  three  images  need  to  be  combined)  the 
third  lantern  slide  is  projected  in  register  through  a re^  filter,  using  a 
third  projector.  By  this  additive  color  process  the  combined  images  appear 
in  full  color  on  the  screen  and  the  particular  combination  of  hue,  value  and 
chroma  with  which  each  type  of  feature  is  registered  on  the  screen  is  directly 
relatable  to  its  black-and-white  "tone  signature",  as  portrayed  on  the  three 
individual  photos  comprising  the  set.  Thus  by  examining  only  a single  color 
composite  image  the  image  analyst  is  able  to  perceive  "color  signatures"  and 
in  this  way  to  acquire  information  which  otherwise  could  only  have  been  obtained 
by  making  a laborious  comparative  analysis  of  tone  values,  resource  feature-by- 
resource feature,  on  all  three  of  the  photographs. 

An  entirely  different  method  of  producing  optically  enhanced  images 
entails  the  making  of  a "triple  exposure"  on  a single  sheet  of  color  film 
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that  Is  placed  In  a copy  camera,  using  as  Input  three  multiband  or  imiUldate 
black-and-white  photographs  of  the  same  scene  (see  Figure  3).  In  the 
enH>Ioyment  of  this  method  (of  which  there  are  several  variations)  three 
filters  are  employed,  so  selected  as  to  transmit  only  red,  green,  and  blue 
wavelengths  of  energy,  respectively  (e.g.,  Uratten  filters  25,  58,  and  47B). 
When  this  method  Is  used  to  make  a color  composite  Image  from  three  black-and- 
white  positives,  a "triple  exposure"  is  made  on  the  color  film  as  a result  of 
our  successively  placing  each  of  the  three  muUiband  or  multidate  photos  in 
proper  register  beneath  the  camera  and  photograpning  each  through  its  assigned 
filter.  Different  band-filter  coirt)inations  will,  of  course,  produce  different 
color-coded  composites.  Consistent  with  the  benefits  sometimes  ascribed  to 
the  use  of  "multi -enhancement  techniques",  experience  has  shown  that  one  color 
scheme  is  optimum  for  uniquely  identifying  one  type  of  resource  feature  or 
condition,  while  other  color  schemes  are  optimum  for  the  identification  of 
others . 

b.  Devices  for  the  Electronic  Enhancement  of  Imagery 

Although  electronic  Image  enhancement  techniques  can  be  applied  to 
conventional  aerial  and  space  photographs  which  are  obtained  by  using 
photographic  film  directly  when  recording  the  scene,  even  better  enhancements 
are  sometiims  obtained  when  the  scene  is  recorded  by  means  of  a line  scanner. 
The  information  acquired  by  the  scanner  is  Initially  in  digital  mode,  the 
digits  being  indicative  of  scene  brightness  values  within  corresponding  bands. 

The  digital  data  thus  acquired  can  be  enhanced  through  a number  of 
computer-aided  systems  and  converted  to  image  form. 

The  General  Electric  Image  100  is  one  such  computer-controlled  muUiband 
digital  Image  enhancement  and  analysis  system.  It  displays  digital  data  from 
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CmmA  SYSTEM 


Figure  3.  This  schewtic  diagram  Illustrates  the  photographic  technique 
for  constructing  color  composite  Images.  A camera,  color  film, 
colored  filters,  three  matching  frames  of  Undsat  or  other 
multi  band/multidate  Imagery,  a registration  sheet  and  a light 
source  are  employed.  Note  that  all  three  frames  of  Imagery 
are  placed  separately  on  the  registration  sheet  for  copying. 

The  particular  band-filter  combinations  shown  In  the  diagram 
above  are  used  to  produce  simulated  false  color  Infrared 
composites.  Different  band-filter  conbi nations  will  produce 
differently  colored  composites. 
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tapes  onto  a color  cathotte  ray  tube  (CRT).  Using  Its  Interactive  capabilities* 
one  manipulates  the  digital  data  on  the  CRT  screen  and  uses  nonparmnetric  pattern 
recognition  programs  to  produce  thematic  maps.  This  device  alloMS  real-time  analysis 
and  display  of  single  date  MSS  Imagery*  applying  pattern*  recognition  routines  to 
enhance  Images  and  thus  to  Identify  features. 

Another  CMputer-controlled  multiband  lirage  enhanceimnt  and  analysis  system 
known  as  "EG(M"  (Electronically  Ganged  Optical  Reproducer)  has  been  developed  by 
personnel  of  the  Remote  Sensing  Research  Program  on  the  Berkeley  campus  of  the 
University  of  California.  Nunerous  other  systems*  all  based  on  essentially  the 
same  concepts  and  principles*  have  been  developed  by  various  Institutions  and 
are  available  to  users  of  advanced  remote  sensing  technology. 

c.  The  Advantages  and  Limitations  of  Various  Image  Enhancement  Devices 
There  are  tuo  Important  advantages  that  are  ccMimon  to  both  optical  and 
electronic  Image  enhancement  systems: 

(1)  As  compared  with  conventional  viewing  equipment  used  by  the  Image 
analyst  these  systems  are  superior  In  that  they  combine  the  Information  from 
several  Images  Into  one  single  frame  for  Interpretation  purposes.  The  Images 
themselves  are  Integrated  and  color-coded  by  means  of  the  additive  color  process 
which  these  optical  and  electronic  devices  can  provide. 

(2)  The  techniques  used  by  various  optical  and  electronic  combiners 
facilitate  the  recognition,  not  only  of  spectral  differences  in  the  reflectance 
of  features  as  seen  on  multiband  photos  that  have  been  taken  on  a single  date, 
but  also  on  multidate  photos  that  have  been  taken  In  a single  band.  In  some 


♦Until  recently  photo  Interpreters  used  the  term  "Pattern"  only  when  referring 
to  the  two-dimensional  geanetric  relationships  of  features.  Unfortunately  this  term 
has  since  been  pre-en^ted  by  con^uter  technologists  for  use  In  referring  to  a feature's 
imjltlband  spectral  response  or  tone  signitture. 
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cates  tht  cnhanceaient  of  som  coMblnatlon  of  multi  band  and  multidate  photos 
pn>v1dcs  the  most  Interpretable  composite  Image  of  all. 

In  addUio't  to  the  advantages  that  are  common  to  both  optical  and 
electrtMilc  Ima^  enhancement  techniques,  there  are  some  iH^rtant  relative 
advantages  and  limitations  associated  with  each  of  these  two  categories  of 
techniques  as  compared  with  the  other.  Generally  speaking,  as  of  the  time  of 
this  writing  optical  eidiancement  methods  and  techniques  are  superior  to 
electronic  ones  In  that:  (1)  they  provide  better  spatial  resolution  (1.e.» 
hIgNr  definition);  and  (2)  they  require  the  use  of  less  costly  and  sophisti- 
cated equipment.  On  the  other  hand  electronic  methods  and  techniques  are 
superior  to  optical  ones  In  that:  (1)  they  offer  the  Image  analyst  greater 
flexibility  In  Interpreting  his  data  (e.g..  very  s:d)t1e  grey-level  differences 
can  be  "sliced",  electronically  "expanded",  and  assigned  an  almost  Infinite 
variety  of  color  codes,  from  among  which  one  color  code  may  be  optimum  for 
making  one  type  of  IttentH'icatlon  and  other  color  codes  optimum  for  making  other 
types  of  distinctions);  (2)  the  Information  that  Is  recorded  on  Individual 
layers  of  a color  film  esKilsIon  can  be  separated  directly,  suitably  color-coded 
and  redisplayed  electronically  In  different  and  sometimes  much  more  Interpretable 
colors;  (3)  when  large  amounts  of  multiband  and/or  multidate  Imagery  must  be 
analyzed  quickly^  the  electronic  system  may  be  more  quickly  able  to  present  the 
Images,  ready  for  viewing,  (In  addition  mnre  analytical  alternatives  can  be 
evaluated  per  unit  of  time);  and  (4)  problems  resulting  from  linear  distortion 
between  1npu>.  Image;,  (e.g.,  those  to  be  confined  from  sensors  producing  different 
geometry  In  the  Imaues)  are  more  easily  rectified  electronically  than  optically. 

(hie  current  trend  In  the  development  of  Image  enhancement  equipment 
appears  to  be  that  of  Incorporating  both  optical  and  electronic  enhancement 
features  In  the  same  system,  thereby  enabling  the  Image  analyst  to  enjoy  most 
of  the  advantages  that  we  have  just  listed  separately  for  each  type. 
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SOME  SPECIAL  CONSIDERATIONS  MiTH  RESPECT  TO  "CONVERGENCE  OF  EVIDENCE" 

AND  OTHER  PRINCIPLES  INVOLVED  IN  THE  INTERPRETATION  OF  AERIAL  PHOTOGRAPHS 

If  the  photo  Interprater  cRjserves  the  1iM9e  of  a feature  ur  object  with 
v#iich  he  already  is  familiar  (or  of  a type  which  he  previously  has  seerr  imaged 
on  aerial  photographs  and  has  had  its  identity  macte  known  to  him),  the 
identifying  of  that  object  by  direct  recognition  is  a fairly  simple  process. 
Once  he  has  recognized  elements  of  the  landscape  that  he  knows  to  be  cr^monly 
associated  with  such  a feature  or  object  (e.g.,  roads,  houses,  railroads  or 
streams)  a glance  is  enough  to  make  the  identification. 

In  order  to  identify  a feature  or  <R>ject  with  which  he  is  no^  familiar, 
however,  the  photo  interpreter  fhould  attempt  to  exploit  the  principle  known 
as  "convergence  of  evidence",  as  mentioned  in  an  earlier  section.  Few  things 
are  perfectly  certain  in  photo  interpretation  in  the  way  that  one  and  one  make 
two;  but  one  particular  interpretation  is  so  probable,  when  all  visible 
evidence  has  been  considered,  that  it  may  be  safely  regarded  as  correct.  The 
difficult  part  of  photo  interpretation  consists  in  judgment  of  degrees  of 
probability.  This  principle  also  is  discussed  at  length  in  References  1 and  2. 

An  additional  matter  that  was  previously  mentioned  and  which  might  seem 
to  be  quite  straightforward,  is  the  method  used  in  searching  on  aerial 
photographs  for  features  of  interest.  Nevertheless  this  is  another  item  which 
merits  special  cwiwent  here  and  in  the  photo  interpretation  classroom.  To 
paraphrase  frcrni  Rabben  in  Refer.ncs  3: 

"There  are  two  general  ways  to  study  aerial  photography: 
the  "fishing  expedition"  and  the  logical  search.  Wioto 
interpreters  have  learned  that  aerial  photography  is  full 
of  surprises,  and  they  are  often  tempted  to  examine  every 
image  in  every  photograph  so  as  not  to  miss  anything. 

This  is  the  fishing  expedition,  a method  of  search  that 
is  all  too  frequently  used.  Fishing  oftc:'  yields  large 


497 


amounts  of  Information,  Including  much  that  Is  not 
portinent  to  the  subject  at  hand.  It  requires  a 
more  leisurely  effort  than  the  Interpreter  can 
usually  afford  to  make.  By  resorting  to  pliabilities, 
hwever,  the  Interpreter  can  work  more  efficiently  In 
the  time  ‘available.  He  searches  only  those  areas 
In  which  tlw  Ejects  of  Interest  are  likely  to  be 
^ound,  and  disregards  large  manbers  of  photographs 
which  are  not  likely  to  contain  the  desired 
Information.  This  selective  method  Is  logical 
search,  a combination  of  quick  scanning  and  Intensive 
study.  It  demands  more  experience  than  the  fishing 
expedition,  since  the  Interpreter  has  to  decide 
where  Intensive  study  will  yield  the  best  results, 
but  Is  imich  more  productive  In  relation  to  the  time 
and  effort  expended.  The  amount  of  t1n«  spent  on 
Intensive  study  at  the  expense  of  rapid  scanning 
must  be  determined  by  the  nature  of  the  work.  Some 
types  of  interpretation  demand  close  scrutiny  of 
the  entire  area  photographed." 


Among  the  attributes  conmonly  found  to  correlate  highly  with  photo 
Interpretation  success  by  any  Individual  are  his  background  of  t>c<n1ng  and 
experience  and  Ms  attitude  and  motivation  toward  the  particular  photo 
Interpretation  task  that  he  may  be  required  to  perform.  For  this  reason  we 
quote,  this  time  vertiatim,  another  well -expressed  statement  by  Rabben  (Ref.  3) 

"Prior  learning  Is  easier  to  evaluate  than  attitudes  and 
motivation,  and  its  Inadequacies  probably  easier  to 
correct.  If  the  Interoreter  does  not  know  enough,  his 
ignorance  Is  usually  ev1(tent  to  himself  and  his  supervisor. 

Often,  however,  the  supervisor  Is  aware  only  dimly  or 
not  at  all  of  his  subordinates'  undersirable  attitudes 
and  poor  motivation,  and  of  the  extent  to  which  these 
factors  interfere  with  efficient  performance.  Suppose, 
for  example,  that  an  aerial  photograph  Images  an  object 
X which  Is  Important  for  a particular  type  of  photo 
Interpretation.  There  are  other  objects  y and  z In  the 
photograph  which  often  occur  together  with  (or  in  the 
vicinity  of)  object  x.  Many  human  factors  determine 
whether  or  not  a given  Interpreter  will  report  object  x. 

Assume  tiiat  object  x was  not  reported  and  the  Interpreter 
is  then  asked  "What  about  this  object?"  (while  pointing 
to  object  x).  If  the  response  Is  "That's  object  x.  I 
didn't  see  it.  1 should  report  It,"  It  may  be  Inferred 
that  the  Interpreter  failed  to  find  x In  the  f^otograph, 
either  because  he  was  careless  or  tired,  or  because  the 
Image  was  too  small  or  otherwise  obscure  to  attract  his 
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attention.  Failure  to  find  object  x may  have  been 
contributed  to  by  failure  to  find  y or  z,  or.  If  y 
and  z were  found,  by  failure  to  know  either  that  x, 
y and  z often  occur  together  or  why  they  occur 
together. 

If  the  response  Is  "That's  object  x.  I saw  It.  I 
didn't  think  It  should  be  reported,"  we  Infer  that 
the  Importance  of  x Is  not  known  to  the  Interpreter. 

If  the  response  Is  "That's  object  x.  I saw  it.  I 
know  it's  important.  I didn't  bother  to  report  It," 
we  infer  a lack  of  interest  in  the  job  or  a lack  of 
motivation. 

If  the  response  is  "I  didn't  know  what  that  object 
was  when  I saw  it,"  we  infer  that  knowledge  of  object 
x is  deficient. 

These  brief  and  oversimplified  examples  only  begin  to 
uncover  the  human  factors  at  play  in  the  activities  of 
photo-object  identification.  Factors  of  fatigue, 
carelessness,  knowledge  of  the  purpose  of  interpretation, 
interest,  motivation,  and  mastery  of  the  appropriate 
field  of  knowledge  are  inferred  from  the  interpreter's 
overt  responses  to  a variety  of  stimuli." 

Next  let  us  discuss  a few  concepts  that  relate  to  the  interface  between 
humans  and  machines,  that  should  exist  relative  to  the  analysis  of  remote 
sensing  data. 


It  is  true  that  an  experienced  and  capable  interpreter  can  derive  large 
amounts  of  information  from  remote  sensing  imagery  solely  through  his  visual 
interpretation  and  the  use  of  "eye-ball  stereo"  or  only  the  simplest  of 
support  equipment  such  as  good  quality  stereoscopes.  The  full  power  of  any 
modern  remote  sensing  system  can  rarely  be  realized,  however,  without  an 
appropriate  and  intimate  interaction  between  man  and  machine.  Prerequisite 
to  this  effective  interaction,  of  course,  is  a need  for  the  analyst  to 
thoroughly  understand  the  ecological  characteristics  and  processes  on  the 
landscape  that  he  is  attempting  to  interpret.  The  skill  that  derives  from 
his  knowing  what  to  expect  is  of  fundamental  importance  as  he  interprets  the 
raw  data  or  imagery  into  meaningful  information  classes. 
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As  the  interpretation  of  a new  project  Is  undertaken,  learning  what  to 
expect  and  preparing  oneself  to  convert  images  and  data  into  information 
usually  will  require  a preliminary  trip  or  overflight  to  the  project  area  with 
imagery  in  hand,  as  well  as  previously,  to  have  defined  a tentative  legend 
system  that  is  compatible  both  with  the  information  needs  or  classes  and  the 
characteristics  of  the  imagery  to  be  used. 

Almost  any  system  of  remote  sensing  will  provide,  relatively  speaking, 
so  much  data  and  potential  information  that  the  primary  tasks  of  the  analyst 
are:  (1)  to  achieve  a very  sizable  amount  of  data  reduction  and  generalization 
of  the  raw  data  or  imagery  into  meaningful  information  units  and  (2)  to 
separate  the  required  Information  frwi  the  "noise"  background  that  always  is 
inherent  in  the  remote  sensing  approach.  His  skill  in  achieving  Task  (2) 
rests  most  heavily  on  the  depth  of  his  knowledge  and  perception  as  an  earth 
resources  scientist,  on  the  acuity  of  his  powers  of  observation,  and  his 
deductive,  correlative,  and  synthetic  reasoning  capacity.  Although  it  is  easy 
to  teach  the  principles,  concepts  and  facts  relating  to  remote  sensing  tech- 
nology, the  real  challenge  lies  in  helping  people  to  acquire  or  develop  their 
full  potential  in  these  other,  more  intangible  skills  and  abilities. 

Many  people  feel,  and  perhaps  it  is  true,  that  the  ultimate  of  remote 
sensing  capability  resides  in  the  computer  analysis  of  appropriate  multispectral 
data  that  has  the  ground  resolution  and  the  geometric  and  spectral  fidelity 
required  to  differentiate  the  subjects  of  interest.  Recognizing  the  power  of 
such  systems,  as  well  as  the  tremendous  flexibility  of  the  computer  itself, 
prompts  us  to  make  the  following  observations:  (1)  the  upper  limits  of  capability 
from  computer  analysis  can  be  achieved  only  when  the  process  of  visual  interpre- 
tation and  other  forms  of  man's  interaction  are  incorporated  at  appropriate  stages 
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In  such  a way  that  all  forms  become  an  Integral  part  of  the  analytical  system. 
When  this  has  been  done,  each  component,  (visual  Interpretation,  human  reasoning, 
and  computer  analysis)  can  be  used  effectively  for  what  It  Is  best  suited  to 
do.  Consequently,  each  will  perform  those  functions  In  which  It  Is  most  cost* 
effective  In  both  dollars  and  time  when  all  the  vicissitudes  and  frustrations 
of  complex  computer  systems  are  considered.  Visual  Interpretation  Is  not 
archaic,  nor  will  It  beccxne  so,  and  we  should  thus  strive  to  put  it  In  proper 
perspective  as  part  of  the  new,  more  sophisticated  system  as  we  design  training 
programs  and  courses.  (2)  The  same  approach  and  the  same  Intangible  qualities 
of  the  photo  Interpreter  that  are  emphasized  by  Rabben  are  equally  Important  in 
the  Image  analyst  who  must  Interact  with  the  computer  In  making  digital  data 
analyses. 

Another  point  that  must  be  made  clear  to  the  trainee  is  that  many  kinds  of 
information  needed  about  earth  resources  and  the  human  environment  are  no^ 
directly  discernible  from  remote  sensing  Ima^ry— especially  in  regard  to  the 
meeting  of  conventional  or  customary  Informational  needs  from  LANOSAT  Interpre- 
tation. Such  kinds  of  information  can  often  be  derived,  however,  from  discern- 
ible Indicators  or  from  information  surrogates.  When  such  considerations  become 
the  mechanism  of  interpretation,  interaction  oetween  man  and  machine  becomes 
doubly  Important  since  man  is  the  component  with  the  ability  of  thought  and 
reason.  When  surrogates  and  indicators  are  identified  the  increased  efficiency 
resulting  from  landscape  and  resource  stratification  on  the  basis  of  these 
Indicators  often  results  in  substantial  gains  both  in  the  quality  of  information 
eventually  derived  by  a multi-stage  approach,  in  the  cost-effectiveness  and 
timeliness  of  the  Inventory,  and  In  the  usefulness  of  machines  for  the  making 
of  computer  assisted  analyses. 

Thus  far  in  our  paper  we  may  have  been  a bit  too  dogmatic  in  the  making  of 
certain  assertions,  thereby  creating  the  erroneous  impression  that  we  have  all 
the  answers  with  respect  to  "the  reduction  of  remote  sensing  data  by  visual  means. 
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By  way  of  disclaimer,  let  us  conclude  this  section  by  posing  a few  questions 
for  which  we  have,  at  best,  only  part  of  the  answer.  Surely,  since  our 
audience  consists  almost  entirely  of  remote  sensing  educators,  this  maneuver 
will  be  recognized  as  the  one  which  Is  pedagogically  sound.  Here,  then,  are 
a few  questions  follovred  In  each  case  with  little  more  than  some  suggested 
considerations  that  bear  on  the  answer. 

1.  How  does  a person  decide  what  type  of  remote  sensing  data  (or  combina- 
tion of  data  types)  should  be  utilized  to  meet  a specified  Information  need? 
There  obviously  are  many  considerations  beyond  the  one  of  which  data  type  will 
provide  the  Information  at  greatest  accuracy.  Costs,  access  to  necessary 
analysis  equipment,  timeliness,  and  availability  of  Imagery,  level  of  Informa- 
tional detail  required,  size  of  the  project  area,  and  probably  a host  of  other 
points  should  be  considered,  weighed,  tradeoffs  evaluated,  etc. 

The  list  of  most  probable  data  types  would  Include: 

Aerial  photography  (35mm  format  and  on  up) 

(B&W,  color,  B&W  IR,  CIR) 

(scales) 

(the  interaction  of  film/filter  and  scale 
In  relation  to  information  content) 

(standard  products) 

(enhanced  images  - edge,  contrast,  debanding) 

(has  much  application  been  made  of  synthetic 
stereo  viewing  of  Landsat-Photogram.  Eng. 
42(10)1279  ?) 

(Landsat  III  l®V  imagery) 

(digital  data) 


(to  obtain  multi  temporal  data  for  the 
Identification  of  features  from  their 
thermal  Inertia  properties) 

(to  obtain  Imagery  even  in  cloudy  weather 
and  at  night) 


Landsat  hardcopy 
Imagery 


Landsat  MSS 
computer  assisted 
analysis 

Thermal  scanners 


SLAR 
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Additional  Information  bearing  on  this  question  will  be  found  In 
Appendix  A to  this  paper,  entitled  "Procedure  for  Determining  the  Usefulness  of 
Any  Given  Type  of  Aerial  or  Space  Photography  In  Relation  to  the  Inventory  of 
Natural  Resources."  After  reading  that,  however,  one  can  easily  conclude  that 
no  complete  and  definitive  answer  to  the  basic  question  we  have  posed  has  been 
g1 ven . 

2.  If  a person  Is  to  conduct  a photo  Interpretation  project  how  should 
he  select  the  photo  Interpreter? 

-what  qualities  should  he  look  for? 

-what  mechanism  should  be  used  to  screen  applicants  - specifically 
how  should  they  be  tested?  (may  not  be  practical  to  conduct  a 
test  which  is  a sample  of  the  very  work  to  be  done  because  of  the 
training  involved). 

-how  are  the  selected  interpreters  subsequently  trained? 

-In  a production  situation,  what  are  optlmimi  working  conditions? 

Information  bearing  on  this  question  appears  In  a ccxnpanlon  paper  that  we 
are  presenting  at  this  conference  under  the  title  "History  and  Future  of  Remote 
Sensing  Technology  and  Education." 

3.  What  methods  are  available  for  quantitatively  evaluating  the  accuracy 
of  a map  produced  through  an  aerial  or  space  photo  interpretation  procedure? 

Here  the  problem  is  largely  one  of  knowing  for  sure  what  to  use  as 
infallible  "ground  truth",  because  we  all  know  of  instances  in  which  the  map 
made  by  photo  interpretation  is  more  accurate  than  that  made  by  direct  "on-the- 
ground"  observation.  Once  we  know  the  correct  solution,  it  is  fairly 
straightforward  to  calculate  the  three  relevant  measures  known,  respectively, 
as  "percent  correct",  "percent  omission  error",  and  "percent  commission  error". 
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4.  Has  thf  sclenci  and  technology  of  rmote  sensing  reached  the  point 
vihere  we  should  consider  a major  "remote  sensing  degme  curriculum"  In  colleges 
and  (diversities  or  should  It  ren»1n  for  the  time  being  merely  as  a block  of 
supporting  study,  (possibly  a minor  at  MS  and  Ph.D.  levels)  within  some  basic 
resource-oriented  disciplines  such  as  geology,  forestry,  or  agriculture? 

5.  We  presume  most  of  us  could  agree  that  visual  remote  sensing 
Interpretation  Is  very  much  an  art  and  acquired  skill.  Experience  shows  that 

some  Individuals  (approxIiMtely  60  to  7S  percent)  seem  never  capable  of  attaining  the 
proficiency  level  of  others.  How  can  we  as  educators  change  this  situation  and 
aore  effectively  educate  our  students  in  the  subtleties  of  the  art?  Specifically, 
what  does  this  require  of  us  as  educators? 

As  the  authors  of  the  present  paper,  and  more  specifically  of  the  five 
questions  posed  above,  we  certainly  are  among  those  who  will  be  interested  In 
any  answers  that  may  be  given  In  the  Workshop  Session  that  occurs  later  this 
udek  here  at  our  Conference  of  Remote  Sensing  Educators.  We  will  be  especially 
Interested  in  the  way  that  such  answers  may  relate  to  the  material  contained  in 
Appendix  A which  touches.  In  one  way  or  another,  on  each  of  the  questions  posed 
above . 

SUMMARY  AND  CONCLUSIONS 

The  primary  purpose  of  this  paper  has  been  to  define  the  problems,  state 
the  objectives  and  address  the  Issues  that  are  most  likely  to  be  of  concern  to 
educators  in  the  teaching  of  courses  dealing  with  the  reduction  of  renote  sensing 
data  by  visual  means.  The  paper  has  largely  centered  upon  principles  and 
techniques  that  are  Involved  in  the  photo  Interpretation  process  and  upon  the 
means  by  which  they  can  roost  effectively  be  taught  within  the  university 
or  college  environment.  If  our  paper  serves  to  stimulate  fruitful  discussion 
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ap'on^  t.he  various  participants  at  this  Conference  of  Remote  Sensing  Educators, 
our  primary  goal  will  have  been  achieved. 

In  the  Interest  of  keeping  this  document  suitably  short  to  serve  as  a 
working  paper  for  discussion  purposes  we  purposely  have  eliminated  many 
relevant  details.  For  those  Interested  In  such  details  and  an  Integration 
of  them  within  a suitable  framework,  we  will  conclude  our  paper  with  an 
Appendix.  That  Appendix  deals  with  the  procedure  that  we  have  found  to  be 
most  effective  In  determining  the  usefulness  of  any  given  type  of  aerial 
or  space  photography  for  the  Inventory  of  natural  resources.  We  have  found 
that,  classroom  and  laboratory  time  permitting,  much  of  the  work  In  a basic 
photo  Interpretation  course  can  be  centered  around  a step  - by  • step 
employment  of  this  procedure.  Such  an  instructional  effort  can  be  especially 
effective  If,  at  the  outset  the  Instructor  Is  able  to  (1)  define  for  the 
students  some  specific  resource  Inventory  problem  and  associated  resource 
management  objective  of  local  Interest;  (2)  acquire  suitable  imagery  for  use 
In  the  stepwise  evaluation  that  Is  to  be  made  by  each  student;  and  (3) 
arrange  for  the  resource  managers,  themselves,  to  provide  a meaningful 
critique,  once  the  procedure  has  been  followed  to  Its  conclusion  by  the 
students. 
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APPENDIX  A 


PROCEDURE  FOR  DETERMINING  THE  USEFULNESS  OF  ANY  GIVEN  TYPE  OF 
AERIAL  OR  SPACE  PHOTOGRAPHY  IN  RELATION  TO  THE 
INVENTORY  OF  NATURAL  RESOURCES 


One  particular  type  of  aerial  or  space  photography  can  differ  greatly 
from  another  In  any  of  several  respects  Including  the  following:  (1)  photo- 
graphic scale  and  associated  spatial  resolution,  (2)  photographic  film-filter 
combination  and  associated  spectral  resolution,  (3)  time  of  day,  and  (4) 
season  of  year.  Consequently  the  usefulness  of  the  photography  In  relation 
to  the  Inventory  of  natural  resources  can  depend  on  these  same  parameters. 
Hopefully,  those  seeking  to  evaluate  such  photography  will  find  the  following 
stepwise  procedure  adequate,  with  only  slight  modification.  This  procedure 
has  been  successfully  used  on  many  occasions  by  the  present  writers. 

A.  Define  the  Informational  Requirements  of  the  User 

Broadly  stated  the  objective  In  making  an  Inventory  of  natural  resources 
Is  to  determine,  to  an  acceptably  high  order  of  accuracy,  the  amount  and  the 
condition  of  each  kind  of  resource  that  is  present  in  each  portion  of  the 
area  for  which  the  Inventory  Is  being  made.  The  types  of  natural  resources 
commonly  dealt  with  include  timber,  forage,  agricultural  crops,  minerals,  soils, 
wa^er,  and  animal  life.  One  of  the  best  ways  to  Insure  success  of  a remote 
sensing  application  is  to  do  a superior  job  in  problem  analysis  and  in  snecifying 
the  information  requirements  in  terms  of  data  elements  that  are  consistently 
obtainable  from  appropriate  remote  sensing  systems.  This  should  always  be  the 
first  step.  (Note  Section  F,  following). 
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B.  Make  Spectrwietric  Analyses 


Because  of  the  Hmlted  spatial  resolution  exhibited  by  most  small-scale 
aerial  and  space  photography,  the  photo  Interpreter  must  place  considerable 
reliance  on  photographic  tone  or  color  as  an  aid  to  (tetermlning  the  Identity 
of  various  features,  objects  and  conditions.  Consequently,  for  the  person  who 
seeks  to  extract  Information  from  such  photography,  spectrometric  analyses  may 
be  of  value  in  either  of  two  respects:  (1)  such  analyses  may  reveal  clearly  what 
the  tone  or  color  "signature"  (sometimes  termed  the  "spectral  response 
pattern")  of  each  object  or  condition  is  likely  to  be  on  currently  available 
photography  that  has  been  flown  with  some  specific  combination  of  photographic 
film  and  filter;  and  (2)  such  analyses  may  also  suggest  certain  other  film- 
filter  combinations  which,  if  used  on  future  photographic  missions,  would  give 
even  more  informative  tone  or  color  signatures. 

Spectrometric  analyses  commonly  are  made  in  either  of  two  ways:  (1) 

through  the  use  of  spectrometers  that  are  capable  of  measuring  the  reflec- 
tance, absorption,  transmission  and/or  emission  properties,  wavelength-by- 
wavelength, for  each  object  or  condition  of  interest;  and  (2)  through  the 
obtaining  of  multiband  images  of  an  area  that  contains  representative  examples 
of  each  such  object  or  condition  and  noting  the  tone  or  brightness  with  which 
each  type  of  feature  is  imaged  within  each  wavelength  band.  Both  methods,  of 
course,  must  also  give  due  consideration  to  spectral  transmissivity  of  the 
atmosphere  and  to  spectral  sensitivity  of  the  remote  sensing  devices. 

The  first  of  these  methods  theoretically  will  reveal  the  precise  wave- 
length bands  that  will  be  best  for  obtaining  unique  tone  signatures  in  either 
a single  band  or  a multiband  reconnaissance  system.  The  second  method 
permits  each  "tone  signature"  to  be  measured  directly  from  the  actual  imagery 
and  thus  minimizes  several  of  the  uncertainties  that  art  inherent  in  the 
theoretical  model.  However,  because  imagery  is  obtained  in  only  a limited 


number  of  bands,  this  second  method  may  not  precisely  define  the  optimum  band 
limits  In  terms  of  wavelength.  During  thu  past  several  years,  personnel  at 
the  University  of  Michigan,  In  the  Infrared  and  Optical  Sensor  Laboratory, 
have  been  compiling  a highly  useful  library  of  spectrometric  data  for  many 
types  of  features.  Most  of  those  scientists  are  now  continuing  this  work 
while  In  the  employ  of  ERIM  (the  Environmental  Research  Institute  of 
Michigan). 

C.  Obtain  Competent  Image  Analysts 

Tests  previously  conducted  by  the  present  writers  and  by  others,  have 
shown  that  extraction  of  the  types  of  information  referred  to  In  Step  A 
can  be  a very  difficult  task.  Consequently,  the  persons  selected  to  determine 
the  extent  to  which  any  given  type  of  photography  might  be  useful  for  natural 
resource  inventory  should  have  the  proper  motivation,  visual  ac  •'’v,  patience, 
judgment,  and  background  of  training  and  experience  for  engaging  in  this  task. 
Otherwise  the  results  of  their  efforts  are  likely  to  be  so  discouraging  that 
the  entire  concept  can  be  seriously  discredited. 

The  present  writers  have  repeatedly  found,  when  testing  groups  of  about 
20  applicants  for  various  difficult  photo  interpretation  tasks,  that  the 
average  accuracy  of  their  interpretations  of  natural  resource  features  and 
types  is  only  about  70  percent--which  is  scarcely  adequate  for  most  resource 
inventories.  However,  when  the  results  of  only  the  best  four  or  five  of 
these  students  are  considered,  their  average  accuracy  commonly  is  found  to  be 
better  than  90  percent.  Let  us  presume  for  the  moment  that  we  will  need  20 
photo  interpreters  ,o  make  a particular  natural  resource  inventory  of  a large 
area  with  the  aid  of  a given  type  of  photography.  If  we  will  select  the  best 
20  trainees  from  a total  of  80  to  100  students,  we  may  be  able  to  use  such 
photography  very  effectively;  but  if  we  train  only  the  first  20  applicants 
that  happen  to  be  available  and  then  use  all  20  of  them  in  the  subsequent 
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operational  phase,  probably  Mill  be  greatly  discouraged  by  their  results, 
iheir  average  performance  Is  likely  to  be  very  low  and  the  types  of  errors 
that  they  make  are  likely  to  be  quite  variable. 

This  factor  of  variability  is  an  especially  troublesome  one  when,  as 
In  this  case,  we  attempt  to  assign  to  each  of  several  photo  interpreters  his 
own  particular  portion  of  the  geographic  area  that  Is  to  be  Inventoried. 

Once  he  has  made  his  own  kinds  of  errors  In  atten^tlng  to  Identify  natural 
resource  features  and  delineate  type  boundaries  on  his  aerial  or  space 
photography.  It  becomes  almost  Impossible  for  us  to  pool  his  efforts  with 
those  of  other  Image  analysts  who  have  Interpreted  adjacent  areas.  By 
selecting  only  the  very  best  Interpreters  from  a large  class  of  trainees, 
Iwwever,  we  can  greatly  decrease  this  variability  problem. 

0.  Procure  Suitable  Equipment  for  Use  In  Interpreting  the  Photography 

Traditionally,  photo  Interpreters  have  considered  that  the  equipment 
they  need  Is  of  three  types;  viewing,  measuring,  and  plotting.  Of  these, 
the  type  of  primary  concern  here  Is  that  needed  for  viewing  aerial  or  space 
photography. 

At  present  stereoscopic  viewing  equipment  usually  Is  of  great  value  for 
viewing  aerial  photography,  but  of  only  limited  value  to  the  Interpreter  of 
space  photography.  Because  of  the  relatively  poor  spatial  resolution 
exhibited  by  currently  available  space  photography,  coupled  with  the  adverse 
ratio  of  flying  height  to  object  height,  those  objects  which  are  less  than 
about  50  to  100  feet  high  do  not  exhibit  discernible  amounts  of  stereoscopic 
parallax.  Since  most  of  the  features  which  are  of  interest  to  the  managers 
of  natural  resources  are  less  than  50  to  100  feet  high,  a serious  limitation 
Is  thus  Imposed.  Gross  landforms  frequently  can  be  viewed  3-dimensiona1 1y 
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on  space  photography,  yet  our  Inability  to  determine  accurately  from  such 
photography  either  the  steepness  of  slope  or  the  total  height  of  landforms 
again  makes  stereoscopic  viewing  equipment  of  limited  value.  Given  higher 
resolution  on  space  photography  than  that  provided  by  NASA's  various 
CMera  syst^  would  do  much  to  remedy  this  difficulty. 

Normally,  the  principal  value  to  the  Interpreter  of  simultaneously 
viewing  a pair  of  overlapping  space  photographs  lies  In  the  Improved 
"signal -to-nolse"  ratio.  This  In  turn  Is  due  partly  to  the  use  of  twice 
as  many  silver  grains  to  form  the  composite  Image  and  partly  to  the  benefits 
that  result  frtmi  "binocular  reinforcenent"  when  assigning  one  good  eye  to 
the  study  of  one  Image  and  another  good  eye  to  the  study  of  Its  stereo  mate. 

viewing  equipment  used  when  studying  photography  should  suitably 
magnify  the  Images  and  present  them  sharply  to  the  photo  Interpreter.  The 
maximum  aiMxmt  of  magnification  that  Is  likely  to  be  beneficial  Is  roughly 
the  same  as  the  ratio  of  the  Image  resolution  to  the  maximum  resolving  power 
of  the  human  eye.  Both  factors  are  appropriately  expressed  In  line  pairs 
per  millimeter.  Thus,  if  80  line  pairs  per  millimeter  are  resolved  on  the 
original  photography  and  (as  usual)  only  about  eight  line  pairs  per  milli- 
meter can  be  resolved  by  the  hunan  eye.  a ten-fold  magnification  of  the  Image 
may  be  about  the  maxlnxim  that  Is  beneficial  to  the  photo  Interpreter  If  he 
studies  the  Imagery  at  Ms  most  effective  viewing  distance.  At  greater 
magnifications,  graininess  and  granularity  factors  beccmw  so  troublesome  that 
the  Image-  of  a given  feature  begins  to  "break  up",  I.e.,  the  continuity  of 
Its  outline  becomes  lost  In  the  greatly  magnified  "noise"  of  the  background, 
with  the  result  that  the  configuration  of  any  such  feature  becomes  less 
discernible  Instead  of  more  so. 
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I.  Obtiln  ^lUblt  Photwriphy  for  Study 


When  seeking  to  detemlne  the  potential  usefulness  of  a given  type  of 
aerial  or  space  plwtograpby  for  natural  resmirce  Inventory,  the  Investigator 
Mould  likely  find  that  this  step  Is  the  «ost  critical  one.  M can  greatly 
la^rove  the  significance  of  his  flndli^is  merely  by  exerclslr^i  care  when 
selecting  the  frames  of  photography  on  idilch  to  base  his  Investigations. 

Ideally,  In  this  testing  stage  the  geographic  area  that  Is  covered  by 
the  selected  photography  should  contain  several  examples  of  each  type  of 
natural  resource  feature  that  the  photo  Interpreter  Is  required  to  Inventory 
In  an  operational  program.  In  recent  yea>*^  several  of  these  areas,  known 
as  "primary  test  sites"  have  been  selected  by  experimenters  working  for 
the  NASA  Earth  Resources  Survey  Program,  and  accurate  ground  truth  already 
has  been  compiled  for  most  such  areas.  According  to  plan,  ground  truth  has 
not  yet  been  compiled,  however,  for  nearby  analogous  areas  which  comprise 
"extended  test  sites".  These  primary  and  extended  test  sites  would  be  among 
the  most  favorable  areas  for  study,  provided  that  they  also  were  covered  by 
the  same  type  of  photography. 

F.  Develop  a Useful  Classification  Scheme 

Most  natural  resource  Inventories  entail  a classification  process. 
Boundary  lines  usually  must  be  drawn  to  separate  one  class  (e.g.,  one  timber 
type,  geologic  type,  soil  type  or  crop  type)  frm  another.  Consequently, 
careful  thought  imjst  be  given,  when  developing  the  classification  scheme, 
as  to  what  types  of  categories  one  will  attest  to  recognize. 

As  a primary  requirement,  the  scheme  awst  stratify  Into  useful  categories 
each  resource  that  Is  to  be  Inventoried.  A category  Is  useful  when.  In  terms 
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of  the  resource  cherecterlstic  that  Is  to  be  Inventoried;  (1)  there  Is  very 
little  variability  within  that  category  (e.g..  timber  volume  by  species  and 
size  class;  crop  yield  by  species  and  vigor  class;  terrain  erodiblllty  by 
soil  type  and  slope  class)*  and  (2)  there  are  highly  significant  differences 
between  that  category  and  all  others  used  In  the  classification  scheme. 

Unless  the  first  condition  Is  satisfied,  a large  amount  of  ancillary 
Information  must  be  collected  within  each  category,  usually  by  costly  on- 
the-ground  observation.  In  order  to  achieve  the  desired  Inventory  accuracy. 
Unless  the  second  condition  is  satisfied,  there  Is  little  advantage  to  making 
the  classification  because  it  falls  to  reveal  meaningful  resource  differences, 
area -by-area,  within  the  overall  project  l«)unda ry. 

A second  Important  requirement  of  the  scheme  Is  that  each  category 
***  consIsUntly  Identifiable  on  the  photography  that  Is  to  be  Interpreted. 
Otherwise,  variability  of  another  kind  (accuracy  of  Interpretation)  may  be 
Introduced  to  such  an  extent  as  to  negate  the  value  of  the  whole  classifi- 
cation process. 

In  essence,  the  task  of  developing  a suitable  classification  scheme 
Is  one  of  arriving  at  the  most  favorable  compromise  between  the  first 
requirement  (that  the  categories  be  meaningful  ones)  and  the  second  (that 
the  categories  be  consistently  Identifiable). 

An  exa^le  should  serve  to  clarify  the  ;»1nts  that  have  just  been  made: 
Ordinarily  we  wish  to  know,  for  a large  forest  area,  the  timber  volume  by 
species.  We  soon  learn,  however,  that  we  cannot  directly  determine  timber 
volumes  even  from  high  quality  aerial  or  space  photography,  and  only  rarely 
can  we  Identify  tree  species  with  sufficient  accuracy.  In  fact,  extensive 
experience  by  the  present  writer  and  others  has  shown  that  these  two  attributes 
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of  a timber  stand  (volume  and  species)  almost  never  can  be  determined 
consistently  throughout  a given  area,  even  on  the  best  aerial  photography 
flown  with  the  best  aerial  cameras,  films  and  filters. 

The  Immature  scientist  could  easily  despair  at  this  point  by 
rationalizing  as  follows:  "I  am  told  that  the  primary  information  needed 
by  the  forester  Is  timber  volume  by  species.  Apparently  neither  timber 
volume  nor  tree  species  can  be  determined,  even  on  the  best  aerial 
photography.  Th"'refore,  I will  abandon  further  consideration  of  the 
thought  that  aerial  or  space  photography  might  be  useful  for  the  making 
of  forest  inventories." 

The  mature  scientist  nevertheless  would  raise  the  question  of  whether 
there  might  be  useful  indicators  of  volume  and  species  which  he  could 
discern  on  the  photography.  If  so,  perhaps  these  indicators  would  at  least 
permit  him  to  classify  the  timber  resources  of  an  area  into  major  categories, 
significantly  different  from  each  other.  Hopefully,  within  each  such 
category  the  species  and  volume  characteristics,  although  unknown  to  him  at 
the  moment,  would  be  quite  uniform.  He  still  would  need  to  visit  repre- 
sentative portions  of  each  such  photo  class  on  the  ground  (in  order  to 
determine  its  actual  volume  by  species),  but  perhaps  only  a few  such  spots 
would  need  to  be  covered  because  of  the  variability  in  volume  per  acre  by 
species  within  each  stratum.  Total  acreage  within  each  delineated  stratum 
also  would  be  needed,  but  this  could  be  readily  determined  photogrammetri- 
cally. 

The  importance  of  our  recognizing  the  concept  of  stratification  that 
has  just  been  discussed  (whether  applied  to  the  timber  resource  or  to  almost 
any  other  natural  resource)  can  not  be  overemphasized.  Some  indication 
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of  its  importance  is  found  by  our  pursuing  just  one  step  farther  the 
previously  mentioned  timber  Inventory  example.  In  so  doing,  it  will  be 
necessary  to  be  even  n»re  specific  by  selecting  an  exact  geographic  area 
within  which  we  might  wish  to  inventory  the  timber  resource. 

In  the  state  of  California,  where  the  official  NASA  Forestry  Test 
Site  is  located,  there  are  roughly  100  million  acres  of  total  land  area 
of  which  approximately  16  million  acres  contain  commercially  valuable 
stands  of  timber— the  type  that  we  are  seeking  to  inventory.  Foresters 
would  like  to  know  (within  five  percent  of  the  correct  answer  on  a statewide 
basis)  what  volume  of  timber,  by  species,  is  present  in  each  part  of  this 
vast  area.  As  previously  mentioned,  the  photo  interpreter  cannot  consis- 
tently determine  volume  by  species  in  this  area,  even  on  the  best  of  aerial 
photography  which  may  have  much  higher  spatial  resolution  then  will  be  found 
on  currently  available  space  photography.  Yet,  through  the  use  of  indicators 
which  permit  him  to  stratify  that  vast  area  on  conventional  aerial  photos 
into  homogeneous  units,  he  is  able  to  reduce  the  amount  of  field  work 
required  to  less  than  0.1  percent  of  what  It  otherwise  would  be,  and  still  the 
five  percent  limit  of  error  Is  not  exceeded. 

It  is  not  considered  to  be  within  the  purview  of  this  presentation  to 
discuss  any  further  the  details  of  California's  photo  classification  scheme 
for  timber  resources  (based  primarily  on  stand  density  and  size  class  for 
areas  no  smaller  than  about  40  acres).  However,  we  certainly  should  be 
encouraged  by  this  example  to  ask  whether  better  photography  (than  that  on 
which  the  above  findings  were  based),  by  virtue  of  its  multispectral  and 
high  resolution  capabilities,  might  prove  to  be  even  more  effective,  for 
purposes  of  timber  stratification  and  timber  inventory.  If  so,  it  could 
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reduce  still  further  the  amount  of  costly  “field  coin>let1on"  work  that  Is 
required  to  complete  the  Inventory. 

6.  Make  a Preliminary  Interpretation  of  Selected  Features  on  the  Photography 

As  we  take  this  important  step,  we  must  be  sure  to  avoid  merely  looking 
for  isolated  “textbook  examples"  which  might  lead  to  an  unduly  optimistic 
conclusion  regarding  the  extent  to  which  certain  natural  resource  features 
can  be  inventoried  on  the  photography.  As  previously  indicated,  a natural 
resource  inventory  should  show  "how  much"  of  "what"  is  "where".  In  any 
preliminary  test,  therefore,  we  should  seek  to  provide  such  information  in 
the  form  of  complete  photo  interpretations,  even  though  we  may  do  so  for  only 
a few  square  miles  of  terrain  representative  of  the  surrounding  area.  By  so 
doing,  we  not  only  will  get  a better  impression  of  how  consistently  we  can 
identify  various  resource  features;  we  also  will  force  ourselves  to  develop 
suitable  classification  schemes  for  those  resources,  early  in  our  evaluation 
of  the  aerial  or  space  photography  :n  question. 

H.  Check  the  Preliminary  Interpretations 

Since  the  preliminary  interpretations  of  the  photography  that  is  being 
employed  will  have  entailed  the  drawing  of  boundary  lines,  the  checking  of 
these  interpretations  logically  consists  of  two  phases:  (1)  determining 

whether  conditions  within  the  confines  of  each  boundary  have  been  accurately 
identified  (e.g.,  has  each  delineated  timber  type,  crop  type,  geologic  type, 
or  soil  type  been  correctly  categorized?);  and  (2)  determining  whether  the 
boundaries  between  classes  have  been  accurately  delineated. 

If  only  a limited  size  of  area  has  been  studied  in  the  preliminary 
phase,  the  checking  required  at  this  point  can  be  accomplished  entirely  by 
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fltld  observation.  (If,  In  fact,  the  area  is  part  of  a "test  site",  ground 
truth  for  It  may  already  have  been  c(»npi1ed.)  However,  the  methods  that 
soon  will  be  described  (in  Step  K)  for  compiling  additional  information  or 
for  covering  larger  test  areas  may  son»t1iBes  be  equally  applicable  In 
this  preliminary  phase. 

I.  Cwnpile  Photo  Interpretation  Keys 

A photo  interpretation  key  is  reference  material  designed  to  facilitate 
the  identification  of  various  objects  and  conditions  from  their  photographic 
images.  Ideally,  the  key  consists  of  two  parts:  (1)  photographic  illustra- 

tions of  each  type  of  object  and  condition  as  It  ?.,4*a«rs  on  photography 
taken  to  the  sanre  specifications  as  those  applicable  to  the  imagery  which 
is  to  be  interpreted  with  the  aid  of  the  key;  and  (2)  a statement  of  the 
photo  recognition  features  for  each  type  of  object  or  condition  as  seen  on 
such  photography. 

Without  the  first  part  (photo  illustrations),  mere  word  descriptions 
of  the  photo  recognition  features  may  be  of  little  value.  In  fact,  they 
may  convey  vastly  different  impressions  to  different  readers.  This  is 
illustrated  by  the  description  which  was  given  of  how  a certain  kind  of  timber 
stand,  containing  both  hardwoods  and  conifers,  appeared  on  panchromatic 
aerial  photography:  "Looks  like  freshly  ground  meat  with  a high  proportion 

of  fat." 

Conversely,  without  the  second  part  (word  description),  merely  publishing 
the  photo  illustrations  may  be  of  little  value.  Of  the  many  photo  image 
characteristics  exhibited  by  a given  type  of  object  or  condition,  only  one 
or  two  may  be  both  necessary  and  sufficient  for  Identifying  it.  Unless  there 
is  a word  description  which  highlights  these  recognition  features,  the  user 
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of  the  key  Mill  be  required  to  discover  for  himself  what  they  are.  This 
can  be  a very  time-consuming  and  Inefficient  process. 

The  standards  and  procedures  to  be  used  In  developing  various  kinds 
of  photo  Interpretation  keys  were  spelled  out  more  than  25  years  ago  (Refs.  4 and  5). 
Since  they  are  as  applicable  to  space  photography  as  to  aerial  photography,  no 
further  Information  regarding  them  need  be  given  here. 

J.  With  the  Aid  of  Keys,  Hake  a Complete  Interpretation  of  the 
Selected  Photography 

While  this  step  may  prove  to  be  one  of  the  most  time-consmning.  It  is 
also  the  one  about  which  the  least  needs  to  be  said  here.  In  light  of  our 
preceding  step-by-step  discussion.  As  In  Step  G,  we  should  strive  for  a 
complete  Inplace  delineation  on  the  photography  of  all  significant  resource 
categories  that  are  encountered.  If  several  photo  interpreters  are  to  share 
the  task,  care  should  have  been  taken  to  give  each  of  them  the  same  training 
and  each  must  have  been  given  the  same  understanding  of  what  he  Is  to  do 
in  classifying  resources  on  the  photographs  issued  to  him.  Also,  in  such 
instances  it  may  later  prove  to  be  highly  beneficial  to  have  kept  records 
showing  exactly  which  area  each  photo  interpreter  has  classified  and  the  time 
consumed  in  accomplishing  the  task. 

K.  Acquire  "Ground  Truth" 

As  in  Step  H,  "ground  truth"  should  not  only  reveal  the  correct  resource 
classification  for  each  portion  of  the  interpreted  area,  it  also  should 
accurately  position  the  boundary  line  between  a given  resource  class  and 
each  adjacent  class.  Consequently,  it  is  appropriate  to  consider  at  this 
point  the  means  by  which  such  determinations  might  best  be  made.  As  we  do  so. 
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m are  likely  to  realize  that  the  term  "ground  truth"  (meaning  the  actual 
situation  as  it  exists  on  the  ground  at  the  time  of  photography)  bears  an 
unfortunate  connotation  for  reasons  indicated  in  the  next  paragraph. 

It  Is  wrong  to  presume  that  "ground  tmith"  invariably  is  best  obtained 
solely  by  an  observer  on  the  ground.  Strange  as  it  may  seem  to  the 
uninitiated,  imich  of  this  infonnation  is  best  obtained  through  direct 
visual  observation  made  fr«n  a low-flying  aircraft.  These  observations 
should  be  augmented  as  necessary  with  low-altitude  oblique  photography 
taken  from  the  same  aircraft  and  showing  the  exact  locations  of  some  of 
the  more  significant  resource  type  boundaries. 

Occasional  on-the-ground  observations  still  must  be  made,  of  course. 
With  this  requirement  in  mind,  suitable  spots  at  which  a light  aircraft 
can  land  and  take  off  often  can  be  selected  in  advance  from  a study  of  the 
photography.  Under  some  terrain  conditions  a helicopter  is  superior  to  a 
fixed  wing  aircraft  for  this  purpose,  although  it  is  considerably  more 
expensive  to  operate  and  cannot  travel  as  rapidly  from  one  spot  to  the  next. 

L . Compare  Each  Interpretation  with  the  Corresponding  Ground 
Truth  and  Analyze  the  Discrepancies 

With  the  aid  of  adequate  ground  truth  data  one  can  determine  for 
every  unit  area,  however  small  it  may  be:  (1)  whether  or  not  it  has  been 

correctly  classified  on  the  particular  kind  of  photography  used  in  the  test; 
and  (2)  whether  the  errors  tend  to  be  cumulative  or  compensating.  If 
errors  tend  to  be  compensating,  the  purposes  of  a reconnaissance-type 
survey  may  still  be  adequately  satisfied. 
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M.  Compile  Data  on  Photo  Interpretation  Accuracy  and  Consistency 

The  objective  In  this  step  should  be  to  determine  the  accuracy 
and  consistency  with  which  each  Important  resource  feature  can  be 
discerned  on  the  photography.  Where  possible,  these  data  should  express 
results  obtained  as  a function  of  (1)  the  visual  and  mental  acuity  of 
the  Image  analyst,  (2)  the  equipment  and  techniques  which  he  uses,  and 
(3)  the  quality  of  the  photography  which  he  interprets. 

Figure  4 shows  an  optimum  means  of  compiling  information  on  photo 
Interpretation  accuracy  and  consistency.  To  simplify  the  explanation  of 
how  such  a table  Is  compiled  and  used,  we  have  made  the  following  assump- 
tions with  respect  to  the  hypothetical  example  that  is  shown  In  Figure  4: 

1.  Only  5 classes  of  features  (A,  B,  C,  0,  and  E)  are  needed  In 
order  to  make  a complete  and  meaningful  classification  of 
the  area. 

2.  "Ground  truth"  has  previously  been  compiled  (e.g.,  by  the 
administrator  of  the  test)  for  100  examples  of  each  of  the 
5 classes  of  features.  (Usually  the  ground  truth  survey 
will  also  have  Identified  at  least  3 or  4 additional 
examples  of  each  class  for  training  purposes  prior  to 
administration  of  the  test). 

. The  tabular  summary  shown  in  Figure  4 applies  only  to 
the  results  obtained  by  one  Interpreter,  using  one  kind  of 
Imagery,  viewing  It  with  the  aid  of  only  one  kind  of 
lighting  and  viewing  equipment  and  exhibiting,  at  the 
start  of  the  test,  only  the  "normal"  degree  of  fatigue. 
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(Through  the  use  of  additional  tests,  similar  In  nature, 
realistic  variations  In  each  of  these  parameters  usually 
stould  be  made,  both  Individually  and  In  various  combinations, 
and  In  each  such  additional  test  the  results  should  be 
suiimarlzed  In  a form  similar  to  that  shown  In  Figure  4.) 

When  a test  of  the  type  summarized  In  Figure  4 Is  being  prepared, 
a small  numbered  dot  usually  Is  placed  at  each  of  the  500  spots.  The 


Ground  Truth 
by  Feature  Class 


A 

B 

C 

D 

E 

Photo  Interpreter's 
Results 

by  Feature  Class 

A 

90 

7 

0 

0 

0 

B 

10 

91 

0 

0 

0 

C 

0 

0 

100 

0 

0 

0 

0 

1 

0 

80 

7 

E 

0 

1 

0 

20 

93 

Percent  Correct 

90 

91 

100 

80 

93 

Percent 

Omission  Error 

10 

9 

0 

20 

B 

Figure  4.  Form  used  in  summarizing  results  of  a typical  test  that  is 
used  in  determining  the  extent  to  which  various  types  of 
earth  resource  features  (e.g..  A,  B,  C,  0,  and  E)  can  be 
identified  on  a given  type  of  photography.  For  further 
explanation,  see  text. 
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person  being  tested  studies  each  spot,  In  turn,  and  merely  records, 
opposite  the  corresponding  number  on  a suitable  foim,  the  letter  A,  B,  C, 

D,  or  E according  to  his  Interpretation  of  the  area  In  the  Immediate 
vicinity  of  that  spot.  Ordinarily  he  also  will  be  required  to  report  on 
the  form  the  time  when  he  started  the  test  and  the  time  when  he  completed 
It,  together  with  any  other  Information  which  he  considers  relevant  to 
those  seeking  to  evaluate  his  performance  on  the  test  (e.g.,  too  much  noise, 
too  many  Interruptions,  significant  obscuring  of  a particular  feature  by 
numbers  or  other  annotations,  test  photo  appears  to  be  of  abnormally  good 
or  poor  quality,  etc.). 

An  examination  of  the  results  that  have  been  tabulated  In  Figure  4 
permits  one  to  draw  a large  number  of  highly  relevant  conclusions  with 
respect  to  this  specific  test  Including  the  following: 

1.  Feature  class  A Is  rarely  If  ever  confused  with  anything 
except  feature  class  B,  and  vice  versa. 

2.  Feature  class  C Is  Identifiable  with  essentially  perfect 
accuracy. 

3.  Feature  class  0 is  rarely  if  ever  confused  with  anything 
except  feature  class  E,  and  vice  versa. 

4.  Unlike  classes  A and  B,  there  is  need  for  some  means  of 
substantially  reducing  the  confusion  between  classes  D and 
E (e.g.,  through  the  obtaining  of  photographs  having  better 
spatial,  spectral,  and/or  temporal  resolution). 

A tabulation  of  the  type  appearing  in  Figure  4 Is  likely  to  show  that 
some  of  the  desired  identifications  have  not  been  made  to  acceptably  high 
levels  of  accuracy.  In  such  instances  the  photo  Interpreter  may  be  able  to 


521 


improve  the  accuracy  tiirough  use  of  a principle  known  as  "Convergence  of 
Evidence"  (Ref.  5).  For  example  if  preliminary  tests  show  that  A is  too 
frequently  confused  with  B,  further  study  ray  show  correlated  features  that 
usually  are  associated  with  A but  not  with  B.  Similarly  0 may  in  some 
way  be  related  quite  consistently  to  C,  while  E rarely  or  never  is  so  related. 

Once  such  a study  has  been  completed  it  can  serve  several  purposes. 

It  will,  of  course,  facilitate  attainment  of  the  primary  objective--that 
of  determining  photo  interpretation  capabilities  and  consistencies  actually 
achieved  (preferably  as  a function  of  image  quality,  interpreter  training, 
interpreter  fatigue,  etc.).  It  also  may  lead  to  revision  of  the  preliminary 
photo  Interpretation  keys  so  that  the  features  or  characteristics,  which 
these  extensive  tests  have  shown  to  be  the  most  consistently  identifiable, 
will  be  highlighted  in  the  key  while  the  less  identifiable  ones  will  be 
listed  only  secondarily  or  entirely  omitted.  Finally,  the  study  may  suggest 
needed  revision  in  the  resource  classification  system  to  better  achieve  the 
aforementioned  compromise  between  the  categories  that  would  be  the  most 
meaningful  and  those  that  have  proved  to  be  most  consistently  identifiable. 

N.  Devise  Various  Schemes  for  Multistage  Sampling  Which  Will 

Improve  the  Accuracy  of  Resource  Inventory  Data 

From  a study  of  the  aerial  or  space  photography  that  is  being  tested 
one  may  find  it  possible  to  eliminate  vast  areas  within  which  there 
obviously  is  very  little  likelihood  that  significant  amounts  of  the  resource 
to  be  inventoried  will  be  found.  Furthermore,  the  remainder  of  the  area 
hopefully  can  be  stratified  into  broad  homogeneous  classes  of  the  types 
previously  described.  Once  this  has  been  done  there  still  remains,  in  most 
instances,  a need  to  determine  to  much  higher  orders  of  detail  and  accuracy 
certain  important  resource  characteristics  within  each  stratum  or  class. 
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At  this  point,  larger  scale  or  higher  resolution  photography  may  be 
flown,  not  of  the  entire  area  but  only  of  respresentative  portions  wherein 
significant  amounts  of  the  resource  being  Inventoried  are  likely  to  occur. 
From  Interpretation  of  this  larger  scale  photography,  additional  details 
are  learned  which  permit  further  stratification  of  the  area  In  terms  of  Its 
resource  characterise Also  at  this  point  the  photo  Interpreter  may 
wish  to  select  what  are  known  as  "photo  plots".  These  are  small  areas 
(e.g.,  0.5  acres)  each  of  which  falls  entirely  within  a single  stratum 
and  for  which  accurate  photo  Interpretations  and  photo  measurements  will  be 
made  (e.g.,  measurements  of  the  crown  diameter  and  height  of  every  dominant 
and  co-dominant  tree  within  the  area).  By  measuring  these  characteristics 
within  each  of  several  plots  In  any  given  stratun,  a determination  of 
variability  within  that  stratum  is  made.  However,  it  is  recognized  that 
even  on  this  larger  scale  photography  the  photo  interpretations  and  photo 
measurements  may  be  somewhat  inaccurate,  thereby  accounting  for  some  of  this 
variability.  Consequently,  the  need  for  actual  on-the-ground  observation 
is  recognized,  even  though  the  intent  is  to  limit  this  more  costly  type 
of  data  gathering  to  the  smallest  possible  area. 

The  most  efficient  cwnbination  of  photo  plots  and  ground  plots  is 
determined  by  tried  and  true  statistical  methods  which  are  outlined  in 
several  standard  reference  works  including  the  "Manual  of  Photographic 
Interpretation"  (Ref.  1).  Among  the  primary  factors  considered  are  cost 
per  photo  plot,  cost  per  ground  plot,  and  measurement  accuracy  obtainable 
from  each  type  of  plot. 

Because  the  cost  per  ground  plot  cotmnonly  is  about  20  times  that  of  the 
photo  plot,  consideration  recently  has  been  given  to  the  possibility  of 
substituting,  for  at  least  some  of  these  ground  plots,  data  acquired  from  a 
helicopter  as  it  hovers  above  the  plot.  In  some  instances  it  has  been  found. 


523 


for  example,  that  ^e  accuracy  of  tree  nwasurements  made  frcm  1oM-a1t1tude 
helicopter  photography  nxi^ares  very  favorably  1n<Med  with  that  (Stained  by 
direct  on-the-ground  observation.  The  same  Is  triM  for  the  Identification 
of  most  trees  as  to  species.  In  those  Instances  where  tree  species 
Identifications  are  difficult  to  make,  even  on  photography  of  this  large 
scale,  specially  designed  pruning  poles  can  be  used  to  collect  branch 
samples  from  the  hovering  helicopter  and  thus  to  bridge  the  gap  between 
remote  sensing  and  contact  sensing.  Thus  we  see  that  the  hovering  helicopter 
may  be  helpful  both  in  the  research  phase  (In  checking  on  the  accuracy  of 
space  photography  Interpretations)  and  In  the  operations  phase  (In  obtaining 
"ground  truth"  data  for  Inaccessible  plots  without  actually  entailing  the 
expense  of  traveling  to  these  plots  on  the  ground). 

The  sampling  schmnes  that  are  developed  at  this  stage  should  also  give 
due  consideration  to  the  Improvanents  In  efficiency  that  might  be  obtained 
through  the  use  of  imiltiband  spectral  reconnaissance,  not  only  with  various 
photographic  film-filter  combinations,  but  also  with  imagery  obtained  in 
the  thermal  Infrared  and  microwave  regions  of  the  electrcmiagnetlc  spectrum. 
This,  however,  Is  a topic  unto  Itself  and,  consequently,  no  further  details 
with  reference  to  it  are  given  here. 

0.  Summarize  and  Report  the  Findings 

As  applied  to  research  seeking  to  determine  the  usefulness  of  various 
types  of  aerial  or  space  photography  for  natural  resource  inventory,  and  then 
following  procedural  steps  that  approximate  those  that  have  Just  been 
described,  the  summary  should  contain  five  kinds  of  Information: 

1.  A statement  of  the  optimum  specifications  for  the  photography 
that  Is  to  be  used  for  natural  resource  inventory  (or  for  the 
Inventory  of  those  particular  natural  resources  with  which  the 
study  has  dealt). 
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2.  A statemtnt  of  the  resource  class  if icatlon  schen»  which  best 
uses  such  photography. 

3.  A stmmary  as  to  the  usefulness  of  photo  interpretation  keys 
and  related  reference  laaterials  that  have  been  compiled 
during  the  course  of  the  study,  using  imagery  flown  to  these 
optimum  specifications  (the  keys,  themselves,  ordinarily 
should  appear  within  tiw  body  of  the  report). 

4.  A quantitative  expression  of  the  accuracy  a.nieved  when 
seeking,  with  the  aid  of  keys,  to  identify  the  resource 
classes  on  space  photography  flown  to  specifications. 

5.  A description  of  the  sampling  methods  which  will  provide 
the  highest  efficiency,  when  used  in  conjunction  with 

the  Dhotoqraphy,  to  complete  natural  resource  inventories. 
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liilcteadla  Workshop 


Josopli  J.  Ulliatn  > 

University  of  Idaho 

Introduction 

Multin^ls  workshop  ssssions  wsro  hold  Hsdnssdsy  fron  It00*4s00  p.n. 
sad  Thursday  fr«i  8:30-lIi30  s.n.  On  ths  p«Ml  wars  Or.  ^»nsld  L.  Dmislson» 
Assistant  Profassori  Oapt.  of  EUetrieal  Enginearlng  and  Co^utcr  Scitncci 
Onivsrsity  of  Santa  Clara.  Shirlny  M.  Davis.  Education  «nd  Training  Spacialisc. 
LAX8.  Purdus  Univsrsity,  and  Dr.  Jossph  J.  Ullinan.  Asaoclata  Profassor.  College 
of  Forestry.  Wildlife  and  Ran^  Sciences.  Ikiiversity  of  Idaho.  Chalrsan  of  the 
Workshop.  Those  attending  the  workshop  who  could  be  identified  at  one  tine 
or  another  are  listed  in  Appendix  A. 

Objectives 

The  objectives  of  the  workstop  were: 

a.  To  discuss  the  status  and  detemine  the  availability  of  nedia  in 
renote  sensing. 

b.  To  bring  out  the  advantsies  and  linltations  of  various  wiltinedla 
and  naehlne  aided  approaches  to  teaching. 

c.  To  discuss  problem  areas. 

d.  To  detemine  needs. 

e.  To  discuss  costs. 

f.  To  make  ri^ownandations  to  NASA. 

Not  all  of  these  objectives  would  be  conpletely  net  in  an  informal  work- 
shop like  this.  It  was  also  understood  that  nany  of  the  objectives  were  pursued 
in  the  paper  presented  Tuesday  on  Multincdia  and  Teaching  Machines  in  Renote 
Sensing  which  is  included  elsewhere  in  these  proceedings. 
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Media  Deronstratlon 


In  addition  to  the  workshop,  certain  media  materials  and  devices  were 
demonstrated  on  Monday  and  Tuesday  evenings  and  explained  In  some  detail 
during  the  workshop  sessions.  Shirley  Davis  and  David  Paine  (Oregon  State 
University)  demonstrated  their  slide-tape  programs  to  a number  of  Interested 
people  on  those  first  two  evenings  of  the  conference. 

Media  Questionnaire 

A media  questionnaire  was  distributed  during  the  conference  to  get  some 
idea  of  the  use  of  different  types  of  media  and  what  media  might  be  generally 
available  to  the  remote  sensing  conmunity.  There  were  31  responses  to  the 
questionnaire,  the  results  of  which  are  included  in  Appendix  B. 

References 

Other  useful  reference  material  which  came  to  light  during  the  course 
of  the  conference  is  listed  in  Appendix  C. 

Workshop  Presentations 

The  workshops  began  with  the  chairman  noting  the  objectives  and  emphasizing 
seme  of  Che  points  from  the  multimedia  paper  presented  Tuesday,  especially 
problem  areas , disappointments  and  goals  of  particular  media  and  some  needs  for 
the  future.  Ron  Danielson  followed  with  a presentation  on  "Computer  Appli- 
cations in  Remote  Sensing  Education"  which  is  Included  as  a separate  paper  in 
these  proceedings.  Shirley  Davis  then  discussed  the  media  aids  used  in 
training  programs  at  LARS,  how  they  are  developed,  and  gave  some  advice  for 
individuals  who  wish  to  develop  their  own  programs.  Her  presentation  is  also 
included  as  a separate  paper  elsewhere. 

Workshop  Discussion 

The  following  discussion  from  the  workshop  Is  transcribed  partially  from 
written  notes  taken  at  the  workshops  and  from  recorded  cassette  tapes.  All 
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percinent  comsenfcs  are  recorded,  although  not  verbatim,  except  those  that 
are  not  understandable  on  the  tape.  Names  are  asaoclated  with  ccmtments 
where  the  person  was  recognised. 

Key  words  from  the  objectives  are  associated  with  a coimaent  where  approp- 
riate. 

Wednesday,  June  28 

Cfflwnent;  (PBOBLEM)  Renote  sensers  are  so  wrapped  up  in  remote  sensing  they 
don't  have  the  time  to  develop  computer  expertise  or  capability. 

R.  Danielson:  (PROBLEM)  Computer  programs  or  instructional  material  are  not 

publishable  material  and  therefore  it  is  not  cost  effective  in  the  use 
of  Instructor's  time  to  develop  them. 

S.  Davis:  (QUESTION)  If  CAI  and  CMI  material  existed,  would  you  use  it? 

(Some  answered  they  would.) 

J.  Ulliman:  (STATUS)  Doing  exams  with  the  computer  Is  one  possibility. 

R.  Danielson:  (PROBLEM)  Security  of  exam  questions  and  identifying  the 

examinee  is  a problaa. 

Comment:  (STATUS)  Computers  can  be  used  to  grade  exai!^. 

S.  Davis:  (QUESTION)  Does  anyone  else  have  access  to  PLATO?  (Those  from 

Oregon  State  Univ.  stated  they  did.) 

R.  Danielson:  (STATUS /AVAILABILITY)  PLATO  has  1008  terminals.  CDC  is  going 

commercial  with  PLATO  in  a number  of  learning  centers;  one  is  in  Sunny- 
vale by  AMES  where  one  can  go  and  pay  for  a terminal;  (DISADVANTAGE/COST) 
cost  for  contact  time  is  high;  you  can  get  PLATO  to  play  on  CDC  machines 
but  I don't  think  you  can  get  access  to  the  lesson  material.  Development 
of  programs  by  Individual  departments  is  not  likely  either.  It  takes  50 
hours  minimum  to  develop  programs  for  one  hour  contact  time.  Funding  for 
such  development  is  mainly  done  by  major  funding  agencies. 
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J.  Ulllffian:  (RECOIOIEMDATION}  A conference  is  a meeting  where  we  should  be 

out  doing  the  things  we* re  talking  about.  Possibly  NASA  could  fund  or 
assist  in  developing  CAI  programs,  especially  now  that  Ron  Danielson 
is  working  for  them  part  time. 

S.  Davis:  (COST)  Speaking  of  time  it  takes  to  develop  programs,  we  estimate 

it  takes  200-300  hours  just  to  develop  one  mini-course. 

Comment:  (ADVANTAGE)  In  doing  mini-course  type  programs,  there  is  some 

advantage  to  having  the  non-specialist  do  the  narrative  portion  and 
thereby  provide  some  personality  identification. 

S.  Davis:  (ADVANTAGE/DISADVANTAGE)  Two  or  three  of  our  mini -course  tapes  were 

narrated  by  someone  on  our  staff.  We  have  not  done  a critical  evaluation 
of  the  difference  but  we  do  know  that  ITC  people  have  objected  to  the 
strong  mldwestern  accent.  For  local  use  though,  the  Instructor  probably 
should  make  the  tape  in  order  to  personalize  it  for  the  student. 

Comment:  (PROBLEM/RECOMMENDATION)  Some  students  would  rather  read  narrative 

than  listen  to  the  tape;  give  the  student  an  alternative  by  providing  the 
script  also. 

Conanent:  (AVAILABILITY)  Cassette  driven  Super  8 film  system  can  be  projected 

as  motion  picture  or  individual  frame  for  programmed  paced  instruction; 
you  can  adjust  program  speed  an5rwhere  from  single  frame  to  full  motion; 

I do  not  know  if  anyone  has  done  this,  but  it  does  seem  to  have  possibil- 
ities. 

S.  Davis;  (AVAILABILITY)  Purdue  will  be  developing  more  mini-course  series: 
one  on  visual  interpretation  of  thermal  imagery;  one  on  collection  of 
field  data;  another  on  geologic  image  and  numeric  interpretation  of 
satellite  data  — this  will  not  be  a detailed  how-to-do-lt  program  but 
will  present  concepts,  principles  and  theories;  another  on  the  basic 
principles  of  photo  interpretation,  including  stereoscopy,  parallax. 
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scale,  flight  planning,  etc.;  and  lastly  one  on  computer  processing. 
(Responding  to  a question)  Yes,  It  Is  a team  effort  to  develop  materials; 
for  example,  I'll  work  with  the  geologist  to  develop  the  mini-course  on 
geology. 

J.  Ulliman:  (NEEDS)  Some  people  have  expressed  the  need  for  large  screen 

displays  for  larger  audiences. 

R.  Danielson:  (AVAILABILITY)  In  fact,  some  are  using  the  large  76  square  foot 

Advent  TV  screens  like  those  used  for  boxing  and  football  presentations. 

R.  Kiefer:  (PROBLEM/ ADVANTAGE)  There  Is  a great  difference  in  users  and  some 

lectures  are  never  given  twice;  it  is  difficult  for  me  to  see  how  slide/ 
tapes,  which  essentially  sets  an  established  course,  can  be  advantageous 
In  such  circumstances.  I can  see  where  slide/ tapes  would  be  good  for 
student  review  purposes  - when  a student's  sick  or  out  of  town,  and  that 
the  slides  might  provide  more  illustrations  than  a text. 

S.  Davis:  (RECOMMENDATION)  Instructors  could  record  lecture  and  keep  their 

slides  together  in  order  to  have  available  to  students  for  review. 

R.  Kiefer:  (DISADVANTAGE/ADVANTAGE)  I am  traditional  and  think  you  lose 

personal  contact  with  slide/tapes.  One  could  use  slide/ tapes  to  help 
explain  what  a conference  is  all  about  to  those  people  who  come  earlv  to 
a conference. 

R.  Whitmore:  (STATUS)  I have  studied  the  audio-visual  setups  at  Oregon  State 

Univ.  and  Purdue  and  have  developed  a modular  instructional  approach  for 
my  course  on  Mechanical  Properties  of  Wood.  It  consists  of  a series  of 
modules  which  may  be  a combination  of  traditional  lecture  or  labs,  films, 
video  tapes.  Independent  study  materials,  etc.;  we  put  some  of  the  programs, 
including  labs  and  demonstrations,  on  Super  8 film  but  most  of  it  goes  on 
color  3/4"  video  tape  even  taping  slides  and  movie  film.  We  expect  the 


531 


students  to  master  the  procedures.  We  will  also  be  developing  a remote 
sensing  course  using  the  same  type  of  procedures. 

S.  Davis:  (QUESTION)  How  has  the  role  of  the  professor  changed  between  the 

two  systems? 

R.  Whitmore:  (ADVANTAGE/DISADVANTAGE)  My  contact  with  the  students  has  greatly 

Increased;  there  Is  much  more  one-to-one  contact  which  Is  mainly  my 
doing. 

S.  Davis:  (ADVANTAGE/DISADVANTAGE)  The  instructor  actually  has  to  work  harder 

and  ends  up  with  more  student  contact  time.  All  these  new  terms  — self 
paced  instruction,  individualized  instruction,  etc.  — are  overlapping 
terms  and  the  techniques  or  methods  are  not  a substitute  for  the  instructor; 
the  instructor's  role  is  altered  but  he  cannot  put  out  his  sign,  "Gone 
Fishing",  after  developing  audio-visual  approaches. 

R.  Danielson:  (ADVANTAGE/DISADVANTAGE)  In  the  beginning  computer  programning 

course  at  the  University  of  Illinois,  2000  students  per  semester  use  CAI; 
there  is  one  hour  lecture  by  a Professor,  two  hours  of  CAI,  one  hour 
lesson  development,  and  one  hour  program  practice  along  with  lab  sections. 
This  is  an  enhancement  to  the  traditional  course  and  is  as  much  or  more 
work  for  the  instructor  than  in  the  traditional  courses. 

J.  Ulliman:  (ADVANTAGE/DISADVANTAGE)  In  developing  AV  approaches,  the  Instructor 

is  actually  forced  to  do  a better  Job;  it  is  a very  demanding  process  and 
the  instructor  must  be  very  selective  as  to  what  is  put  on  slides  or 
tapes.  I personally  still  spend  much  time  in  the  lab  to  see  how  the 
student  is  doing,  approximately  seven  hours  per  week;  a TA  also  spends 
about  20  hours  in  the  lab.  There  are  some  students  who  do  not  take 
responsibility  for  their  own  education  and  these  have  to  be  led  by  the 
hand;  many  of  these  students  get  behind  and  drop  the  cc  :rse  - up  to  20%. 
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I talk  to  all  of  the  studests  who  drop  and  alaoat  all  admit  they  Juat 
did  not  do  the  work  to  keep  up. 

D.  Paine:  (ADVAHTAGE/DISADVAHTA6E)  I had  a high  (SOZ)  dropout  rate  in  the 

AV  course  at  first,  but  now  have  about  a 75Z  completion  rate. 

&.  Danielson:  (ADVANTAGE)  It  Is  a good  experience  for  anyone  to  sit  down 

and  write  a set  of  behavioral  objectives  for  a course  and  develop  a 
programmed  Instruction  set  for  a course. 

R.  Whitmore:  (STATUS)  Another  thing  I do  which  might  be  of  interest  — I put 

a rheostat  In  an  overhead  projector  and  using  gelatin  filters  project 
the  light  spectrum. 

J.  Ulliman:  (STATUS)  The  paper  presented  Tuesday  has  a list  of  many  sources 

for  media  materials;  the  EROS  Data  Center  has  a list  for  their  materials 
and  Purdue  and  NASA  also  have  brochures.  (RECOMMENDATION)  Although  most 
slide  sets  are  not  adaptable  in  their  entirety  to  a local  situation, 
individual  slides  and  some  sets  may  be  appropriate.  NASA  could  provide 
individual  or  sets  of  slides  on  such  things  as  the  U-2  and  its  operations 
or  the  LANDSAT  satellite  and  all  its  systems  close-up. 

T.  Best:  (PROBUM)  NASA  may  not  have  slides  of  such  things  because  they  are 

not  taking  them  from  a teaching  point  of  view. 

J.  Ulliman:  (RECOMENDATION)  That's  a good  point;  recommend  NASA  consider  it. 

G.  Hull:  (STATUS/PROBLEM)  NASA  has  2000-3000  slides  at  their  service  center  atti 

a slide  copier;  how  to  service  the  community  is  the  big  question;  how  can 
the  community  access  the  collection? 

Comment:  (QUESTION)  Is  there  any  way  in  which  the  regional  centers  could  be 

provided  a circulating  set  for  those  in  the  local  area? 

R.  Danielson:  (STATUS)  NASA  has  some  beautiful  display  materials  also. 
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J.  Ulllman:  (QUESTION)  Is  there  any  way  individual  inatructors  could  look 

through  blide  seta  and  request  duplication  of  material? 

Comment:  (STATUS)  We  are  not  set  up  to  do  that. 

S.  Davis:  (STATUS /RECOMHENDATIOH)  EDO  has  slide  sets  available;  possibly 

the  other  centers  could  do  likewise. 

J.  Ulllman:  (STATUS)  R.  Jay  Murray  said  he  saw  references  to  the  stereo  use 

of  overhead  projectors  in  a Chemical  Education  Journal  and  chat  one 
article  referenced  the  commercial  development  of  such  projectors  in 
Germany.  (The  citations  to  those  articles  are  Included  in  the  references 
in  Appendix  C.) 

Comment:  (STATUS)  We  at  U.C.  Santa  Barbara  use  CCTV  to  zoom  in  on  LAMDSAT 

scenes  on  CRT;  this  is  especially  good  for  large  audience  viewing. 

R.  Kiefer:  (STATUS)  When  we  do  computer  analysis  for  workshops  and  short- 

courses,  and  especially  for  people  coming  from  out  of  town,  and  the 
computer  goes  down  right  in  the  middle  of  an  operation  led  us  to  tape 
things  ahead  of  time;  that  way  we  know  its  going  to  work. 

R.  Danielson:  (RECOMMENDATION)  How  many  have  access  to  video  tape  players? 

(A  few  responded,  yes.)  It  might  be  a good  idea  to  suirvey  what  tapes  are 
available  aiul  make  it  known  to  the  community,  even  if  they  are  of  different 
formats. 

R.  Kiefer:  (STATUS)  Almost  all  campuses  have  some  form  of  video  tape  player 

available  to  which  an  Instructor  should  have  access. 

J.  Ulllman:  (STATUS)  EDC  has  a number  of  video  tapes  available. 

R.  Kiefer:  (PROBLEM)  This  is  a personal  thing,  but  I have  been  grappling  with 
the  problem  of  providing  slide  sets  for  the  line  drawings  and  B & W and 
color  pictures  for  my  forthcoming  book.  Will  it  be  a service  to  people, 
or  can  they  do  it  themselves?  As  far  as  I*m  concerned  people  can  take 
their  own  pictures. 
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CoasMtifc:  (COSi^)  I£  you  did  ptrovid*  iltdoa,  th«y  would  hove  to  be  very 

Inexpenelvo. 

J.  Ullltnan:  (RECX)MMENDAT ION ) I would  proaote  the  Idea  of  making  complete 

sets  of  both  35  vm  slides  and  transparencies  if  they  were  inexpensive. 

Cosments  (AVAILABILITY/COST)  Z have  36  slides  made  up  from  a negative  for 
$3.00.  When  I get  4 to  5 requests  for  an  item,  I take  a shot  of  it 
with  Kodacolor  and  send  the  negative  off  to  RGB  Color  Lab»  816  N.  High- 
land Ave.,  Hollywood,  CA  90038.  They  make  positive  transparencies  of  it 
from  old  outdated  skovie  film;  they  use  the  loop  film  for  as  many  copies 
as  needed.  The  negatlve/positlve  approach  like  this  may  be  the  way  to 
beat  the  inventory  problem. 

S.  Davis:  (STATUS)  LARS  set  up  a temtm  computer  neti»>rk  project  In  1975  to 

6 to  8 terminals  around  the  country  for  education  and  research  purposes 
to  train  users  In  the  theory  behind  computer  analysis  and  how  to  use  the 
computer.  LARS  also  offers  shortcourses  directed  to  the  analysis  of 
multispectral  scanner  data  and  numerical  analysis.  These  are  individual- 
ized self-directed  courses,  not  self-instructed,  weeklong  courses  in 
which  a variety  of  media  are  used. 

J.  Hairs:  (RECOMHEMDATION)  We  have  given  workshops  for  agency  people  using 

CAI.  NASA  could  help  by  providing  funding  to  rei^irk  programs  so  they 
will  be  more  institutional  in  nature;  that  would  be  one  way  for  NASA  to 
promote  remote  sensing  education. 

Thursday.  June  29 

N.  Short:  (NEED)  Can  we  get  people  familiar  with  the  computer  in  three  days, 

possibly  using  video  tape. 

R.  Danielson:  (STATUS)  A discipline  person  does  not  need  to  be  a computer 

programmer  but  should  know  the  capabilities  of  the  computer. 
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C.  Itetii  (QUBSTKM)  hav«  PLATO  at  Oragon  State  Unlvaralty  in  the  Muaic 

t 

Dapartaanti  could  we  not  got  on  that  ayatem? 

R.  Danielaon:  (AVAILABXLITY/G(^T)  Yea.  Talaphona  calla  «R>uld  be  a coat  and 

you  would  have  to  develop  your  own  prograna;  bast  thing  would  be  to 
contact  a sales  representative  to  develop  programs.  EXXON  has  CAl/CMl 
programs  also. 

C.  Mats:  (NEED)  We  have  slides  of  scenes  and  want  to  best  get  across  an  idea; 

is  it  best  to  put  words  or  a word  on  the  slide  Itself? 

N.  Short:  (STATUS/AVAILABILITY)  You  could  have  two  slides  - one  as  is  and 

another  with  a word  on  it.  NASA  has  one  of  the  largest  collections  of 
slides  In  the  world  (and  it  is  in  the  public  dmoain)  and  would  like  to 
see  them  utilized.  It's  easy  to  make  your  own  slide  shows;  Kodak  makes 
a camera  which  fits  over  any  8"  x 10"  picture.  You  can  produce  shows  by 
taking  a standard  lecture  which  uses  slides  and  where  the  instructor  is 
giving  a spontaneous  talk  - tape  record  the  lecture  and  keep  the  shown 
slides  in  order;  coordinate  the  narrative  and  the  slides  for  future  use. 

W.  Limoine:  (PROBLEM)  My  opinion  of  the  slides  used  in  the  conference  is 

pretty  low. 

Comment;  (MEED)  If  there  are  any  aids  or  guides  for  producing  good  slides 
they  should  be  given  to  NASA. 

Comment:  (AVAILABILITY)  Anyone  can  come  and  look  at  the  slides  NASA  has; 

you  can  also  look  at  the  slides  at  the  USGS  Menlo  Park  facility. 

J.  Ulliman:  (NNED)  What  about  people  who  can't  get  to  the  facility;  can 

provisions  be  made,  for  example  a catalog  of  available  slides? 

N.  Short:  (STATUS)  The  1st  semi-annual  meeting  of  training  officers  of  the 

three  NASA  regional  centers  was  held  yesterday;  a decision  was  made  for 
each  of  the  three  centers  to  prepare  several  master  set  copies  of  slides 
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u««d  fr«qu«ntly  and  axchang*  theta  aata  with  the  other  cantert;  wa 
would  aXao  gat  a brlaf  daacrlptlon  of  aach  allda  for  a caption • I 
propoaad  a taachara  guide  ahowlng  B & W coplea  of  aach  allda  %(hlch  an 
Inatructor  can  look  at.  This  la  baalcally  for  In-houae  work  but  1 
will  look  for  tone  nachanlam  to  get  alldea  out  to  the  public. 

CoDBient:  (STATUS)  We  do  take  alldea  to  national  convantlona*  Ilka  the 

National  Sclanea  Taachara  Convention*  for  othara  to  tea. 

Comaant:  (ADVANTAGE)  After  aeelng  a nultlm^la*  6 projector  preaentatlon 

I was  really  Inpraaaed. 

D.  Shinn:  (ADVANTAGE)  Using  more  than  one  projector  Is  useful  for  showing 

multidate  imagery  or  simultaneously  a LANDSAT*  U>2  and  ground  scene 
image  of  the  same  area. 

N.  Short:  (STATUS)  Most  national  conventions  are  using  two-projector  setups. 

J.  Ulliman:  (PROBLEM)  What  is  the  amount  of  effort  required  for  six-projectors 

compared  to  the  added  information  content  or  the  message  gotten  across? 

Comment:  (ADVANTiWE/DISADVANTAGE)  I am  really  excited  about  it;  you  do  need 

lots  of  slides  and  It  is  used  more  at  the  entertainment  level  rather  than 
educational;  it  takes  20-30  minutes  to  set  up  but  it  really  has  a dramatic 
impact. 

S.  Davis:  (STATUS)  Our  objective  at  Purdue  is  to  make  a product  as  portable 

as  possible  and  easily  used  by  most  people. 

J.  Ulliman:  (STATUS)  Multimedia  six-projector  demonstrations  are  great  for 

gee-whiz  presentations  and  for  influencing  opinions*  etc.  but  have  not 
proven  their  usefulness  for  instructional  purposes  although  they  could 
be  developed  for  that  goal, 

J.  Smith:  (STATUS)  On  the  life  of  materials  - some  basic  material  may  be  good 

for  20  years. 
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S.  HmvUt  (STATUS/EEC(»filENDATXOK)  Th«  Ilf*  of  most  Bstsrials  U short;  we 
ere  conrattted  to  reviewing  ours  in  three  }reers;  I would  suggest  others 
do  the  same. 

N.  Short;  (STATUS/PROBLEM)  We  have  made  three  video  tapes  and  have  only  been 
moderately  successful;  the  problem  is  amount  of  tine  to  properly  develop 
than.  We  taped  our  last  course  and  duplicated  the  slides. 

B.  Schruapf ; (NEED)  I would  like  to  see  some  well-documented  20-40  minute 
color  films  produced  on  such  subjects  as,  for  example,  the  history  of 
r«w9te  sensing,  the  basic  energy-matter  relationships,  and  sensor 
systems;  some  organization  could  do  this  and  provide  the  films  at  a 
regional  lending  library. 

M.  Short:  (AVAILABILITY /PROBUM)  We  tried  to  make  a video  tape  history  of 

remote  sensing  and  asked  Bob  Colwell  to  do  it;  time  was  a problem  and 
prior  planning  was  lacking;  Bob  gave  an  excellent  presentation  but  it 
was  more  on  "Aircraft  remote  sensing  in  California"  than  what  we  wanted  - 
LANDSAT;  the  tape  of  that  presentation  is  available  for  anyone  who  wants 
to  borrow  It.  We  are  going  to  do  two  video  tapes  in  the  next  six  months 
to  a year;  one  will  be  a 45  minute  tape  on  "field  observations"  — there 
are  many  people  involved  in  developing  sensors  idio  are  doing  mich  ground 
%R3rk  and  training  site  selection;  the  other  video  tape  will  be  a case 
history  of  an  agency  getting  into  remote  senaing  and  developing  an 
operational  activity.  There  are  prohlsma  video  taping  lectures;  slides 
and  other  AV  material  must  be  spliced  into  the  tape  separately;  its 
difficult  to  get  good  closeups  of  items  off  screen. 

S.  Davis:  (STATUS/RECOMMENDATION)  One  way  to  solve  that  is  to  use  a rear 

screen  projection  although  that  presents  another  problem  of  a hotspot  on 
the  screen.  Another  way  is  for  the  video  production  managers  to  have 
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ilides  undar  his  control  and  a.  thar  vidao  camara  to  viaw  tha  slldas; 
tha  lecturar  can  aaa  tha  slldaa  on  a monitor.  Anothar  mathod  is  using 
over-the-dask  mountad  camaras  uhara  tha  instructor  has  control  ovar  tha 
procass.  I strongly  ancouraga  thosa  davaloping  modulas,  aspacially 
shan  working  with  othars,  to  davalop  dafinltlva  objactivas  so  that  tha 
studsnt  knows  exactly  what  is  expected  of  him  idian  finished;  this  can 
be  an  excruciating  experience;  if  two  people  are  working  together  it 
can  be  a discipline  experience  forcing  the  creators  to  know  exactly 
%hat  they  are  going  to  do. 

Comment:  (RECOMMOIDATZON)  National  Geographic  does  some  outstanding  filatt; 

that  may  be  the  type  of  thing  you  should  shoot  for  in  developing  film 
as  Barry  Schrumpf  mentioned. 

N.  Short;  (STATUS /AVAILABILITY)  Through  the  single-handed  effort  of  Chuck 
Boulton  who  has  gotten  National  Geographic  into  LANDSAT,  the  July  issue 
will  have  a beautiful  LANDSAT  imjsaic  map  of  the  Grand  Canyon.  They  are 
starting  to  use  LANDSAT  in  the  ongoing  National  Geographic  Lecture  Series 
I will  ask  Chuck  to  see  if  National  Geographic  will  be  interested  in 
developing  a movie.  Our  video  facility  is  looking  for  work  and  I am 
looking  for  ideas  for  using  that  facility,  so  if  you  have  ideas,  let  me 
know  and  1*11  consider  them. 

D.  Shinn:  (STATUS)  In  the  alternatives  for  the  Washington  program,  which  was 

s planning  rather  than  remote  sensing  effort,  KWSU  video  taped  in  color 
ill  the  planning  sessions.  Tapes  were  used  to  inform  other  people 
involved  in  the  effort  but  who  were  i^t  at  those  sessions.  The  tapes 
were  then  edited  into  8 hour  long  prograoM  to  be  televised  statewide. 
Finally  they  produced  a highly  edited  film  which  was  then  submitted  ss 
cne  of  the  US  entries  in  the  UN  Habitat  Conference  held  in  Varuouver. 
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J*  UlllMns  (ASVAMfACE)  Vh«ti  d«v«lopiag  profraaMd  and  ■•lf-ln«erucelon 

packaga*  it  it  a vary  rlgoroua  procaaa  idilch  la  tha  baat  aid  to  iaprovlng 
Inacructioa  Z know  of. 

it.  Schultai  (DlSADVAMtME)  You  say  alto  mn  ttia  riak  of  bacMaing  m hl^ly 
organiiad  that  you  pt  too  faat  in  praaantlng  aatarlal  that  tha  atudant 
can't  koap 

S*  Oavia:  (ADViMiUSE)  It  it  an  advantage  of  aalf-pacad  inatruction  — aany 

hava  crltlclaad  our  aini>courtea  bacauaa  they  go  too  faat»  othare  have 
appreciated  tha  a tapped  up  pace  — if  aonMona  aiaaaa  aoaathlng  they  can 
aluaya  ^ back  and  liatan  to  it  over  again.  X would  like  to  alao  aak 
you  not  to  forgat  that  print  ia  a nadla  alao;  wa  hava  developed  aoaM 
BWtariala  along  thla  line. 

E.  Stort:  (AVAILABILITY)  We  gat  aona  raquaata  for  alidea  of  plataa  fr<»  tha 

book  Miaalon  to  Earth.  About  ISO  of  the  plataa  are  on  alidea.  Thera  ia 
a aourca  of  8"  x 10"  color  printa  thanaelvea  in  the  Public  Affaire 
Office,  NASA  Headquartara,  but  tha  quality  ia  not  the  baat. 

CooBMnt:  (status;  We  have  inaxpanaiva  way  of  reproducing  9"  x 9"  B & W'a. 

At  AV  Canter  wa  aada  an  8%"  x U"  negative  ualng  a dot  acraan  aiui  than 
auika  an  of faat  plate.  Wa  can  gat  about  500  copiaa  for  $6.00  and  of 
relatively  good  quality.  Wa  alao  do  thia  for  LAKDSAT  acanaa. 

M.  SlMrt:  (RECOtfifENOATK^)  Raconnei^  you  do  twj  thlnga;  ehare  funding  for 

davalopuBant  of  prograaa;  and,  identify  a clear inghouaa  for  obtaining 
natariala. 

S.  Davie:  (NEED)  What  wa  need  la  an  infomation  cle^r inghouaa. 

N.  Short:  (STATUS/ AVAILABILITY)  Thera  are  20-30  newalattara  floating  arour?%; 

two  LAKDSAT  newalattara,  one  fros  Goddard  and  one  from  EDC,  idiich  hava 
fairly  wide  diatrlbution;  if  you  hava  an  educational  aonouncaa«nt  you  can 
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|o  througli  m b^eaus*  ona  of  tho  Mi^ri  of  my  carpool  la  tha  aditor 
and  I can  t>**^*Ataa  you  inatant  aceaaa. 

J.  Vlllaant  (SEOCMKEttOATlCm)  Sinea  NASA  now  involvad  in  education,  it  night 
ba  a good  idea  to  hava  a apacial  naualattar  to  gat  acroaa  idaaa  on 
inatnictlonal  tachnology,  aourcaa  of  natariala,  ate.;  aach  inatructor 
in  raaota  aanaing  would  gat  a copy  of  tha  lattar  and  at  tha  aana  tiaa 
could  provide  infomation  for  tha  nawalattar. 

Conaant:  (PROBLEM)  Such  a latter  though  would  probably  ba  raatrictad  to 

LAND8AT. 

D*  Shiim:  (AVAILABILITY)  Robin  aantionad  the  nawalattar,  "Plain  Brown  Wrapper". 

M.  Short:  (RECCntUSIDATION)  All  three  cantara  could  have  their  own  newalatter. 

J.  Ullinan:  (REOCMffiNBATION)  There  ahould  be  eoae  coordination  between  the 

three  centera  ai^  paae  eoM  infomation  around  nationally  rather  than 
juat  in  the  region. 

Coanent:  (ADVANTAGE)  Tha  three  centera  are  conpeting  and  thia  ia  deairable. 
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Appendix  A 

Lilt  of  identified  attendee! 


NAME 

ORGANIZATION 

ADDRESS 

TEACHING  INTEREST 

Tom  Best 

Survey,  CSU 

Los  Angeles,  CA  90032 

Geographic  Media 

B.  Michael  Donahoe 

NASA  Ames 

Moffett  Field,  CA  94035 

Service  to  Educators 

Donald  R.  Floyd 

Calif.  Polytech. 
State  University 

San  Luis  Obispo,  CA 
93401 

Geography 

Garth  A.  Hull 

NASA  Ames 

Moffett  Field,  CA  94035 

Ralph  Kiefer 

Univ.  of  Wisconsin 

1210  Engr.  Bldg. 
Madison,  WI 

RS  and  API 

Ken  Knothe 

Treasure  Valley 
Community  College 

Ontario,  OR  97914 

Applic . for  Forest- 
Range  Field  Use 

Bill  Lemoine 

Southwestern  Oregon 
Community  College 

Coos  Bay,  OR  97420 

Aerial  Photos, 
Forestry  & RS 

Joseph  Lintz 

Univ.  of  Nevada 

203  Mackay  Mines 
Reno,  NV  89517 

R/S 

John  Mairs 

ERSAL  - OSU 

Corvallis,  OR  97331 

Geography,  PI  & RS 

Charlene  Metz 

Oregon  State  Univ. 

Corvallis,  OR  97331 

Forestry  & RS 

Charles  Nelson 

Chico  State 

Chico,  CA  95929 

Geography 

David  Paine 

Forest  Mgt.  Dept. 
Oregon  State  Univ. 

Corvallis,  OR  97331 

Biometrics,  PI  & RS 

Barry  Schrumpf 

ERSAL  - OSU 

Corvallis,  OR  97331 

RS  in  Resource  Anal . 

Robert  J.  Schultz 

Civil  Eng.  Dept. 
Oregon  State  Univ. 

Corvallis,  OR  97331 

Civil  Engineering 
& Surveying 

Duane  Shinn 

Univ.  of  Washington 

410  Gould  Hall,  JO-40 
Seattle,  WA  98195 

Land  Use  & RS 

Nick  Short 

NASA  Goddard 

Greenbelt,  MD  20770 

Training 

Jim  Smith 

Colorado  State  Univ. 

Fort  Collins,  CO  80521 

RS  Computer  Applic. 

Moyle  D.  Stewart 

US  Geological  Survey 

345  Middlefield  Rd. 
Menlo  Park,  CA  94025 

Frank  Westerlund 

Univ.  of  Washington 

Seattle,  WA  98195 

RS  Appllca.  to 
Land  Use 

Roy  Whitmore 

Dept,  of  Forestry 
Univ.  of  Vermont 

Burlington,  VT  05401 

Forestry,  PI  & RS 
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Appendix  B 

Results  of  the  Media  Questionnaire 

1.  Use  of  Media 

Quantitative  results  of  the  media  questionnaire  are  Included  In  Table 
1.  Of  those  responding!  It  appears  most  everyone  uses  slides,  stereograms 
and  overhead  transparencies  to  some  extent.  Very  few  or  no  Instructors 
use  videotape,  models,  stand-alone  audio  tape,  and  computer  assisted 
Instruction  (CAI) . Apparently  some  do  not  use  media  materials  even  though 
they  have  them  available  either  In  their  own  labs  or  somewhere  within  their 
organizations;  possibly,  the  materials  in  question  are  not  of  the  proper 
subject  material  or  quality  to  suit  the  instructor  because,  at  the  same 
time,  most  Indicated  they  would  use  good  quality  materials  If  they  were 
available  at  a reasonable  cost.  Most  respondents  also  specified  that  they 
would  make  any  media  materials  they  developed  available  to  others. 

2.  Availability  of  Media  Materials 

Many  respondents  made  some  comment  that  their  materials  were  locally 
developed  and  not  generally  available  to  others  iiecause  they  are  either 
not  organized,  not  of  sufficient  quality  or  are  limited  to  the  local 
situation. 

Those  who  have  or  could  make  materials  available  are: 

a.  Department  of  Continuing  Education,  Portland  State  University, 
Portland,  OR, 

Program:  Forest  Technician  Series  (1974-1975)  Aerial  Photogram- 

metry. 

b.  Crane  S.  Miller,  California  State  Polytechnic  University,  3801  W. 
Temple  Ave.,  Pomona,  CA  91768.  Tele.  (714)598-4513  or  4516. 

Dr.  Crane  has  developed  a number  of  35  mm  slide  sets  on  various 

aspects  of  remote  sensing  which  he  uses  in  his  classes.  Much  of 

the  material  Is  not  original  although  many  slides  are  original 
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Table  1.  MEDU  (^ESTIOMNAIRE 
(Software  Only) 


Muaber  of  reaponses:  T “ yea:  I “ infrequent;  M > no. 


Media 

Do  you  use 
this  media 

Do  you  have 
this  media  in 
your  roaote 
senaing  lab 

If  you  devel- 
oped or  own 
this  media 
would  you  make 
it  available 
to  others 

1 

If  you  do  not 
have  or  own 
this  media t 
is  it  avail- 
able through 
your  organ- 
isation 

If  you  do  not 
use  this  type 
media,  would 
you  use  it  if 
good  quality 
resonable 
priced  items 
were  available 

Y 

I 

N 

N 

Y 

N 

Y 

N 

Y 

N 

a. 

Videotapes 

0 

5 

22 

5 

19 

14 

3 

9 

8 

16 

2 

b. 

Slide  sets 

24 

5 

0 

26 

0 

23 

3 

7 

3 

9 

1 

c. 

Stereograms 

17 

8 

5 

24 

3 

20 

5 

6 

5 

9 

2 

d. 

Models 

1 

7 

17 

8 

15 

14 

4 

4 

10 

12 

3 

e. 

Overhead 

transpar- 

encies 

18 

7 

5 

24 

2 

19 

4 

9 

3 

9 

1 

f. 

Audio  tape 

2 

4 

18 

5 

18 

14 

3 

6 

9 

11 

5 

g* 

Slide/ tape 
programs 

5 

7 

13 

12 

11 

17 

2 

9 

8 

16 

2 

h. 

CAl 

programs 

2 

2 

19 

3 

18 

2 

2 

8 

10 

4 

i. 

Other 

programmed 

instruction 

sets 

0 

1 

13 

2 

8 

9 

2 

3 

6 

9 

1 
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true  and  false  color  photos  taken  bur  his  personnel.  Subjects 
covered  are:  Overview  of  t^sote  Simslng  (with  cassette  sound); 
Photo  and  Non-photo  Sensors;  Scale;  Geonorphology ; Forestry  and 
Vegetation  in  General;  Agriculture;  Urban  Land  Use;  and»  Arch- 
eology. Dr.  Crane  would  be  Interested  in  further  development  of 
such  sets  for  anyone  Interested. 

c.  R.  Jay  Murray,  ERSAL,  Oregon  State  University,  Corvallis,  OR 
97331.  Tele.  (503)754-3056. 

Has  developed  FORTRAN  programs  for  CDC  equipment  to  classify 
LANDSAT  data,  select  training  sets,  etc.  These  could  be  made 
available  for  cost  of  materials  and  copies. 

d.  Robert  M.  Newcomb,  Dept,  of  Geography,  California  State  Univ., 
Northridge,  CA  91330.  Tele.  (213)885-3532. 

For  those  interested,  Dr.  Newcomb  has  a list  of  "Selected  LANDSAT 
Photographs  of  Denmark"  available  from  the  EROS  Data  Center  as 
of  Winter  1976/1977  witli  conmients  on  coverage  and  quality. 

e.  Floyd  Sabins,  (UCLA,  USC,  Chevron)  Box  446,  La  Habra,  CA  90631. 
Tele.  (213)691-2241,  Ext.  2370. 

Floyd  Sabins  is  currently  preparing  a lab  manual  to  accompany 
his  new  text,  "Renrote  Sensing,  Principles  and  Interpretation". 

He  is  also  considering  developing  a slide  set  to  accompany  the 
text  and  a slide  set  to  accompany  the  Instructors  guide  for  the 
lab  manual. 

f.  Duane  Shinn,  Urban  Planning  JO-40,  University  of  Washington, 
Seattle,  WA  98195.  Tele.  (206)543-1508  or  4190. 

Dr.  Shinn  has  two  slide  sets  available: 

(1)  "Remote  Sensing  of  Land  Use  for  Noise  Abatement"  (USAF); 

192  color  35  mm  slides  developed  March  1978  of  variable 

quality;  a case  study  with  results  of  Fairchild  and  McChord 
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(2)  "Introduction  to  Ronote  Sensing";  160  color  35  mm  slides 

developed  March  1978  of  excellent  quality;  current  state-of* 
the-art  review  on  PMRC  Project  covering  sensors,  data  and 
products . 

g.  Everett  Wlngert,  Dept,  of  Geography,  Unlv.  of  Hawaii,  Honolulu, 

HI  96822.  Tele.  (808)948>8463. 

Has  over  100  overhead  transparencies,  mostly  of  LANDSAT  and 
aerial  Images.  Also  has  contact  size  negatives  of  these  both  In 
halftone  and  continuous  tone.  He  does  not  have  a complete  list 
of  the  transparencies  or  a mechanism  for  reproducing  them  commer- 
cially. If  others  are  Interested  though  he  would  make  special 
arrangonents  for  getting  duplicates. 

3.  Other  Possibilities 

Some  other  Instructors  in  remote  sensing  may  have  media  materials 
although  they  were  not  at  the  conference,  nor  were  they  surveyed  to 
determine  exactly  what  they  had.  Their  names  were  listed  as  people  who 
have  media  materials  and  might  want  that  fact  to  be  known. 

a.  Dr.  David  Slmonett,  Dept,  of  Geography,  UCSB. 

b.  Dr.  John  Jensen,  Dept,  of  Geography,  Unlv.  of  Georgia,  Athens,  GA. 

c.  Dr.  Jon  Klmmerling,  Dept,  of  Geography,  Oregon  State  Unlv. 

d.  John  Harper  and  Bob  Plank,  Dept,  of  Geography,  Humboldt  State 
Univ. 

e.  Dr.  Mel  Stanley  and  Dr.  James  Hunlng,  California  State  Polytechnic 
Univ. 

f.  Pacific  Northwest  Regional  Commission  Land  Inventory  Demonstration 
Project,  1205  Washington  St.,  Vancouver,  WA  98660, 
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Appendix  C 


1.  Catalogs,  Mimeographs,  Pamphlets,  Workbooks 

Announcing  a New  Series  of  Slide-Tape  Presentations  on  Using  Aerial 
Photography  for  Natural  Resource  Management.  Forestry  Media 
Center,  Oregon  State  University,  Corvallis,  Oregon.  (Pamphlet) 

EROS  Data  Center  Workshop.  Exercise  File.  June  15,  1978.  21  pp. 

(Mimeograph) 

Film  Catalog  1978-1979.  NASA-Ames  Research  Center,  Moffett  Field,  CA 
94025.  (Catalog) 

Mini-Course  Series  on  Fundamentals  of  Remote  Sensing  by  the  Laboratory 
for  Applications  of  Remote  Sensing.  Purdue  University,  West 
Lafayette,  Indiana.  (Pamphlet) 

NASA  Educational  Publications.  Aug.  1976.  NASA,  Washington,  D.C. 

20546.  (Pamphlet) 

Secondary  School  Social  Studies  Project  "What's  the  Use  of  Land?"  by 

the  Jefferson  County,  Colorado,  Public  Schools.  NASA,  Wash.,  D.C. 
20546.  57  pp.  (Workbook) 

2.  Other  References 

Clarke,  Paul  F. , Helen  E.  Hodgson,  and  Gary  W.  North.  1978.  A Guide  to 
Obtaining  Information  from  the  USGS.  1978.  Geological  Survey 
Circular  777. 

Crozat,  Madeleine  M.  and  Steven  F.  Watkins.  1973.  Overhead  Projection 
of  Stereographic  Images.  Journal  of  Chemical  Education  50(5):  374, 

375. 

Hayman,  H.  J.  G.  1977.  Stereoscopic  Diagrams  Prepared  by  a Desk  Calculator 
and  Plotter.  Journal  of  Chemical  Education  54(l):31-34. 


Nixon,  W.  D.  nnd  R.  E.  McCormack.  1977.  LANDSAT:  A Tool  for  Your  Class- 
room. Reprint  from:  Social  Education.  Official  Journal  of  the  National 

Council  for  the  Social  Studies.  Nov-Dec.  1977. 

Ophlr,  D.,  B.  J.  Shepherd,  and  R.  J.  Spinrod.  1969.  Three-Dimensional 
Computer  Display.  Conminlcatlons  of  the  AQl  12(6) :309,  310. 
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DISCIPLINARY  ACADEMIC  WORKSHOPS 
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FORESTRY,  RANGE  AND  ECOLOGY  WORKSHOP 


P«m1  Mwaberi!  Dr.  Paula  V.  Krabt,  Chairw(»ian 
Dr.  Char las  E.  Poulton 
Dr.  Barry  Schrumpf 
Dr.  Fradarlck  Gerlach 

The  Forestry,  Range  and  Ecology  Workshop  on  remote  sensing  addressed 
three  major  concerns:  (1)  increased  development  of  remote  sensing  education 

in  the  coioDunity  colleges,  (2)  improv«nent  of  the  existing  capabilities  of 
the  four-year  unlvereity  to  provide  educational  opportunities  In  remote  sensing 
at  the  undergraduate  and  graduate  levels,  and  (3)  constructive  comments  for 
the  specific  activities  of  CORSE-79. 

Present  Instruction  generally  emphasizes  aerial  photo  Interpretation  and 
photogrumnetry  because  these  are  the  dominant  applications  students  are  called 
upon  to  perform  on  the  job.  A significant  number  of  students  are  enrolled  In 
aerial  photo  Interpretation  courses  in  the  community  colleges  and  universities 
of  the  Western  region.  An  estimate  is  300  students  per  year  In  the  community 
colleges  and  550  students  per  year  in  the  universities.  Courses  In  photo- 
grammetry,  forestry-range  applications.  Introductory  remote  sensing,  and 
advanced  topics  In  remote  sensing  draw  300-450  students  per  year. 

The  responsibility  for  the  proliferation  of  remote  sensing  teaching  Is 
at  the  local  level  within  the  educational  Institutions.  The  enthusiasm  and 
Initiative  already  resides  on  the  campuses.  From  this  educational  system 
has  come  the  personnel  of  NASA  and  the  federal,  state  and  local  agencies  who 
are  applying  the  techniques  of  remote  sensing.  Those  involved  In  remote 
sensing  education  have  a working  knowledge  of  the  topic  but  need  to  maintain  a 
handle  on  the  more  recent  developments  and  techniques,  and  the  direct/potential 
applications  of  these  techniques.  Only  then  can  these  concepts  and 

PRECEDING  PAGE  BLANK  NOT  FILMED 


•ppllcatlons  b«  infua«d  to  th«  courso  content.  The  question  eech  inetcuctoc 
het  to  ene%»c  is  viMt  infometion  een  be  Introduced  Md  et  idiet  level  of  the 
student's  educstlonsl  experience. 

One  professor  reported  thst»  while  he  has  bed  experience  in  working  with 
setellite  ioegery  fro«  Lendset  1,  he  dropped  coverage  of  this  subject  Iron  his 
instructional  prograa.  CC»SE-78  has  stlnulated  his  to  put  it  back  in.  The 
problsB  always,  however,  is  in  setting  priorities  between  what  is  necessary 
to  cover  and  idiat  would  be  nice  to  cover  in  fixed  credit  hour  clmsees  oriented 
to  serve  a specified  discipline. 

Major  contributions  NASA  could  make  to  this  process  are  support  for  teach- 
ing resources  and  materials,  and  an  inter-library  loan  of  publications  and 
special  instructional  materials.  Intensive  short  courses  and  training  courses 
for  instructors  which  emphasise  the  state-of-the-art  are  needed  for  the 
coBwmity  college  and  university  instructors. 

There  was  substantial  feeling  that  a large  gap  exists  between  "the  rest 
of  the  campus"  and  the  re»>te  sensing  professors.  Responding  to  this  sltuaticm. 
the  suggestion  was  made  chat  NASA  sponsor  a Sigma  Xi  lectureship  by  a truly 
outstanding  speaker  and  knowledgeable  scientist  (or  a small  group  of  such 
speakers),  and  organize  a lecture  circuit  to  inform  campuses  generally  about 
the  state-of-the-art  in  resote  sensing  technology.  This  would  effectively 
illustrate  the  dynmlc  nature  of  remote  sensing  and  would  help  in  obtaining 
administrative  support  for  further  curriculum  development . 

There  was  general  concurrence  on  the  need  to  strengthen  internal  support 
for  rmote  sensing  teaching,  whether  by  incorporation  into  existing  courses 
or  new  offerings. 

A general  discussion  of  course  content  resolved  that  the  basic  theories 
are  introduced,  followed  by  a hands-on  experience  in  Che  laboratory  that 
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illuteratcs  the  techniques.  A problen-solving  approach  la  often  atreased  ea  a 
student  project.  Almost  all  courtea  defined  the  necessity  for  field  experience 
In  support  of  the  In-laboratory  exercises.  The  real  world  situation  is  the 
best  criterion  of  properly  applied  techniques  of  renote  sensing,  be  it  aerial 
photography,  satellite  images,  active  imaging  systems,  or  computer-aided 
Malysia  of  remote  sensing  data. 

Chie  speaker  expressed  the  view  that  some  computer-assisted  analyses  of 
Luidsat — and  to  a degree  ocher  ptonotion  of  the  iandsat  system — are  not  always 
held  in  high  regard.  The  reason  often  is  the  minimum-to-adequate  ground 
verification  work  going  Into  tome  applications  projects.  Avoiding  repeats  of 
these  situations  needs  careful  attention  in  technology  transfer  activities. 

Could  or  ahould  the  Office  of  University  Affairs  restructure  its  progrem? 
Historically,  this  program  has  been  focused  on  direct  applications  that  impact 
the  deciaion  process  of  state  and  local  agencies  This  has  not  had  a strong 
instructional  thrust  but  through  this  program  the  competence  of  instructors 
in  the  funded  universities  has  been  maintained.  Several  examples  were  cited 
in  forestry  where  the  funding  provided  by  the  Office  of  University  Affairs 
instigated  a problem  assessment,  a direct  study  toward  Chat  problem,  and  the 
practical  use  of  the  derived  information.  This  encouraged  close  interaction 
between  instructors  and  students  (mostly  graduate  students)  and  was  a contri- 
bution to  remote  sensing  education.  It  is  achieving  technology  transfer.  The 
concensus  was  that  the  program  funded  by  the  Office  of  University  Affairs  Is 
a sound  and  effective  one.  NASA  should  concern  itself  with  providing  more 
direct  support  where  the  needs  lie  as  previously  stated.  At  the  present  time, 
the  most  critical  need  seems  to  lie  in  actions  and  programs  that  will  stimulate, 
encourage  and  enable  a stronger  thrust  in  education  and  training  without 
strongly  modifying  the  traditional  thrust  of  the  University  Affairs  program. 
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It  luggestad  that  NASA  should  hsva  a program  expressly  for  the  teaching 
function.  As  a prelude,  it  was  mentioned  that  teaching  in  the  university  has 
long  parasitised  off  from  research.  This  has  had  certain  adverse  impacts  on 
progress  in  the  teaching  area.  A positive  progrm  could  Include  such  things 
as  grants  for  equi|»ent  for  development  of  teaching  programs,  making  available 
better  working  materials  for  illustration  and  laboratory,  and  providing  better 
access  to  many  important  reports  which  are  traditionally  produced  in  limited 
niasbers.  It  was  also  pointed  out  that  some  states  have  been  particularly 
successful  in  satisfying  the  remote  sensing  training  needs  that  do  exist  without 
much  input  from  the  federal  agencies.  Such  activity  has  even  reached  into  the 
vocational  agricultural  teaching  program  in  high  schools  and  already  into 
certain  conrnmnity  colleges.  The  speaker  urged  more  initiative  and  commitment 
on  the  part  of  the  states  and  the  academic  institutions  themselves. 

What  happens  now  to  the  loose  association  of  remote  sensing  educators 
with  NASA  and,  specifically,  relative  to  this  group  involved  with  forestry, 
range  and  ecology?  What  will  happen  as  a result  of  CORSE-78?  Many  attendees 
of  this  Conference  feel  that  an  Immediate  response  by  NASA  which  is  sympathetic 
and  supportive  of  the  defined  needs  will  serve  as  an  encouragement  for  the 
continuation  of  the  concept  of  CORSE-78.  One  contribution  that  would  impact 
curriculum  development  on  all  campuses  is  assistance  to  gain  internal  support 
of  administration  and  academic  departments  through  information  dissemination  to 
all  applicable  segments  of  aesdesia.  intense  effort  should  be  started  to 
plan  and  organize  CORSE-79. 

As  one  guideline  for  CORSE-79,  this  group  emphasized  an  agenda  built 
around  restricted  topics  handled  on  a workshop  basis.  Even  recognizing  that 
new  people  may  attend,  the  conference  should  depart  from  the  gee-whiz  general 
discussion  approach  and  deal  with  specific  quest  lone  and  challenges.  Some  of 
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th«  grmip  felt  that  CORSE-78  may  have  allocated  too  much  time  to  formal  papers, 
not  enough  to  diacuaaion.  On  the  other  hand,  the  newc«Mrs  felt  the  balance 
was  quite  good. 

Workshops  should  be  structured  to  address  concerns  of  specific  disci- 
plines. Forestry,  range  and  ecology  emphasis  should  provide  a focal  point  for 
workshops  in  each  of  the  following  areas: 

1.  Software-hardware  (sources,  cost,  locations  of  operational 
installations }; 

2.  Physical  and  theoretical  concepts  of  sensor  systems  (color 
infrared  film,  other  passive  systems,  active  systems,  etc.); 

3.  State  of  the  sensor  platform  development  (newly  established  and 
future  plans  with  specifications); 

4.  Data  availability  for  educational  materials  directly  applicable 
to  discipline  orientations; 

5.  State-of-the-art  of  technique  applications  to  forestry,  range, 
ecology,  resource  management,  and  land-use  planning; 

6.  Discipline  group  discussions  for  course  content  defining  need- 
to-know,  nlce-to-know,  gee-whiz  motivation  examples,  data  needs, 
and  software-hardware  needs. 

CORSE-78  should  Include  as  part  of  the  general  session  the  status  of  the 
esq>loyment  scene  as  well  as  discipline  oriented  sessions  to  stress  employment 
credentials  as  required  by  federal,  state,  local  and  private  employers. 

CORSE-79  should  have  a provision  for  a hands-on  experience  of  some  type  of 
computer-aided  analysis  system  for  those  attendees  who  have  not  had  this 
opportunity.  For  example,  the  workshop  prepared  in  conjunction  with  the 
Landsat-C  launch  was  referred  to  in  a very  complimentary  manner,  suggesting 
that  s(»sethlng  similar  to  that  exercise  could  be  incorporated  into  CORSE-79. 

More  than  one  of  the  community  college  representatives  reminded  us  how 
frequently  people  who  are  knowledgeable  about  remote  sensing  use  so  much  unde- 
fined and  new  Jargon  that  they  fall  to  communicate,  even  on  some  of  the  most 
familiar  topics. 
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In  tuasary,  C0RS2-78  haa  provldad  a fortn  for  cha  axchanga  of  idaaa  and 
tha  li^yrovaaant  of  coMninlcaclon  aaong  cha  reaota  tanning  coBMinity  involvad  in 
instructional  activitiaa.  Future  activiciet  of  an  on-going  CORSE  prograa  would 
contribute  to  the  expansion  of  reaote  tenting  education  by  consolidating  the 
new  scattered  segsMnts  of  effective  instructional  techniques.  The  first  step 
is  to  establish  the  nechanim  of  intensive  and  current  information  dissemination 
to  the  professionals  who  are  thoroughly  versed  in  the  concepts  and  utilisation 
of  remote  sensing  data. 


556 


GEOLOGY/GEOPHYSICS  WORKSHOP  REPORT 


F.  F.  Sabins,  Chairman 
Chevron  Oil  Field  Research  Company 

C.  E.  Glass 
University  of  Arizona 

Joseph  Lintz 
University  of  Nevada 

John  Miller 
University  of  Alaska 
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Attendees  at  the  workshop  are  shown  on  the  attached  list.  Each 
of  the  four  panelists  (listed  on  the  title  pape)  gave  a short 
presentation  of  the  remote  sensing  programs  at  their  Institutions 
and  described  their  teaching  methods.  The  content  and  organiza- 
tion of  the  courses  are  very  similar  and  the  description  submitted 
by  Sabins  Is  representative. 


Preparation  and  Employment  of  Students 

There  was  agreement  that  courses  In  remote  sensing  are  valuable 
assets  for  graduates  as  they  search  for  employment.  There  was 
little  support  for  the  concept  of  a professional  remote  sensing 
specialist.  The  oil  and  mineral  Industries  emphasize  a strong 
earth  science  background.  The  ability  to  interpret  land  use 
categories,  in  addition  to  geology,  is  an  asset  for  employment 
In  various  government  agencies.  There  Is  also  need  for  remote 
sensing  technicians  to  support  the  professionals.  Technicians 
could  be  trained  at  two-year  colleges. 

At  the  undergraduate  level  there  Is  little  or  no  requirement  for 
training  In  digital  Imaoe  processing  techniques.  At  the  under- 
graduate level,  students  should  become  aware  of  these  methods 
through  "before  and  after"  examples,  but  hands-on  training  Is 
not  needed. 
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Teaching  Aids 


The  requirement  for  an  Introductory  textbook  may  have  been 
satisfied  by  recent  publications.  There  Is  a need  for  a labor- 
atory manual  and  at  least  one  Instructor  (Sabins)  Is  working 
on  a manual. 

Ther.i  Is  an  urgent  need  for  low-cost,  and  good  quality  imagery 
(especially  color)  that  can  be  issued  to  students.  NASA  should 
consider  mass-production  of  inexpensive  lithographed  images 
that  could  be  purchased  for  class  room  use.  Several  instructors 
noted  their  need  for  Imagery  that  covers  their  local  area.  NASA 
has  understandably  emphasized  Landsat  and  U-2  imagery;  however, 
examples  of  other  Image  tyres  (radar,  thermal  infrared,  and  low- 
altitude  photography)  are  also  needed,  especially  if  the  various 
images  are  acquired  during  the  same  season. 


Faculty  Training 

To  keep  abreast  of  new  remote  sensing  systems  and  applications, 
instructors  need  periodic  training  and  updating.  Attending 
meetings  and  listening  to  papers  that  describe  new  developments 
does  not  enable  one  to  pass  these  methods  along  to  students. 

The  following  solutions  to  this  problem  were  suggested: 
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1.  A “Distinguished  Lecturer"  program  - Leading  remote 
sensing  specialists  would  be  supported  by  NASA  to 
present  lectures  and  short  courses  at  participating 
institutions.  By  rotating  the  assignment  to  different 
individuals,  the  participation  may  be  improved.  The 
American  Association  of  Petroleum  Geologists  conducts 
such  a program  and  could  provide  guidance. 

2.  Advanced  training  courses  for  groups  of  instructors. 

3.  Internship  program  for  individual  instructors  to 
spend  time  at  NASA  facilities  and  engage  in  sign1> 
ficant  research. 

Some  faculty  training  could  be  accomplished  at  future  CORSE  or 
related  meetings. 


Future  CORSE  Meetings 

Several  participants  offered  the  following  suggestions  for 
improving  future  CORSF  meetings: 

1.  Conduct  a remote-sensing  field  trip  similar  to  the 
one  at  the  Landsat-3  workshop. 


560 


2.  Some  of  the  presentations  during  the  first  two  days 
could  have  been  summarized  in  a printed  handout 
and  freed  time  for  other  activities. 

3.  Provide  more  time  and  facilities  in  the  workshops 
for  teachers  to  demonstrate  their  techniques  and 
materials.  In  the  short  Geology-Geophysics  workshop, 
several  participants  picked  up  tips  that  they  plan 

to  employ  in  their  courses. 
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PARTICIPANTS  - GEOLOGY/GEOPHYSICS  WORKSHOP 


Name 

Floyd  Sabins 
Charles  Glass 
Joe  Lintz 
Cheryl  Jaworowski 
Ken  Kolm 

Moyle  D.  Stewart 
Ernest  I.  Rich 
Charles  L.  Smith 
Gilbert  T.  Benson 
K.  Jeyapalan 
Bert  L.  Conrey 
Joe  Colcord 
Robert  J.  Schultz 
John  Miller 
Nick  Short 
Jim  Smith 
W,  T.  Finch 


Organization 
UCLA,  use.  Chevron 
University  of  Arizona 
Mackay  School  of  Mines  - Reno 
U.  C.  Berkeley 

South  Dakota  School  of  Mines  & Tec 
U.S.  Geological  Survey 
Stanford  University 
USAF  Academy 

Portland  State  University 
California  State  U.  - Fresno 
Cal Ifornia  State  U.  - Long  Beach 
University  of  Washington 
Oregon  State  University 
University  of  Alaska 
NASA  “ Goddard 
Colorado  State  University 
San  Diego  State  University 
NASA  - Ames 


Scott  Davis 


RESPONSE  TO  OBJECTIVES  OF  GEOLOGY/GEOPHYSICS  WORKSHOP 


Consents  by  Jan  Cannon  and  John  Miller 
University  of  Alaska 


a)  Graduates  in  the  Solid  Earth  Sciences  should  have  a broad  background 
in  the  earth  sciences.  The  curricula  are  designed  to  be  flexible  to  support 
specialization  during  the  3rd  and  4th  years.  Courses  emphasizing  remote 
sensing  basically  are  structured  on  an  interdisciplinary  basis.  Students 
from  non-geoscience  programs  need  to  work  with  data  from  sites  oriented  toward 
geology  as  well  as  their  own,  and  vice  versa.  Geoscience  majors  particularly 
need  to  appreciate  the  effects  of  vegetation  upon  landforms. 

b)  Demand  for  trained  individuals  includes  two  categories  — disciplinary 
specialists  and  technicians.  Specialists  with  a scientific  background  are 
needed  to  do  the  mapping,  but  a professional  geologist,  for  example,  is  not 
needed  to  organize  and  search  for  data,  generate  retrieval  activities  or  pro- 
duce reproductions  in  suitable  formats.  Technicians  are  valuable  to  support  the 
archival  and  retrieval  functions  of  a remote-sensing  project.  The  market  for 
good  performers  is  encouraging  and  nearly  all  such  graduates  find  related  work 
if  they  are  able  to  produce  land-use  and  resource-survey  maps  to  support  the 
goals  of  the  employers.  In  Alaska  these  tend  to  be  state  and  regional  govern- 
ments, environmental  and  geoscience  consultants,  the  mineral  and  petroleum 
Industries. 

c)  Needs  for  teaching  and  research: 

1.  No  costly  equipment  needed  for  lower-level  core  courses,  but 
presently  hindered  in  considering  advanced,  specialized  courses  in  digital 
satellite-data  analysis  because  there  is  no  equipment  for  digital  clustering 
and  display  in  Alaska.  Work  also  should  be  done  to  teach  techniques  for 
digital  registration  of  images  from  satellites  and  radar,  which  would  require 
equipment  not  within  foreseeable  budgets.  Equipment  to  digitize  radar  images 
so  one  could  demonstrate  sophisticated  enhancement  and  interpretation  from 
the  images  themselves  would  also  be  necessary  if  we  were  to  expand  instruction 
into  the  upper  level  courses. 

2.  Staff  needs  could  best  be  supplemented  by  additional  support  for 
instructors  for  the  undergraduate  level  courses.  This  would  make  the  existing 
senior  staff  have  time  available  for  making  new  starts  in  the  advanced  course 
direction. 


3.  Funds,  in  addition  to  equipment  and  staff  needs,  could  be  utilized 
to  prepare  a syllabus.  Perhaps  some  of  the  new  text  books  just  coming  on  the 
market  will  help  alleviate  such  a need,  but  instruction  tends  to  follow  class 
notes  prepared  according  to  the  preferences  of  individual  instructors.  These 
usually  are  not  well  enough  organized  and  typed  to  warrant  reproduction  for 
student  use  directly.  Funds  for  more  secretarial  support  would  be  very 
helpful. 
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4.  The  greatest  current  need  is  for  a variety  of  economically  obtain- 
able data  tailored  to  some  specific  sites  in  Alaska.  Presently,  we  have  color- 
infrared  photos  from  one  place,  radar  imagery  from  another,  and  thermal-infrared 
Imagery  from  elsewhere.  A broad  spectrum  of  data  formats  should  be  acquired 
from  various  Alaskan  sites  within  a narrow  time  frame  so  students  can  compare, 
correlate,  and  Integrate  the  data  types  to  recognize  the  strengths  of  each 
media  and  to  better  understand  the  best  application  for  each.  This  type  of 
data  package  is  available,  for  example,  from  Mill  Creek,  Oklahoma,  but  this  is 
not  optimum  for  instruction  for  students  who  likely  will  start  their  profes- 
sional careers  in  Alaska.  We  need  data  packages  from  sites  such  as  the 
DeLong  Mountains  for  geoscience  applications,  plus  others  to  include  urban, 
agricultural,  and  vegetatlve-dominated  regions.  There  is  a growing  tendency 
for  the  government  to  withdraw  subsidization  of  remote-sensing  data  distribu- 
tion; therefore  funds  for  data  reproduction  are  a growing  problem. 

d)  Government  agencies  can  best  help  our  program  by  subsidizing  the 
acquisition  of  time-coherent  data  packages  as  described  above  and  by  sponsoring 
a continuing  series  of  distinguished  lecturers  who  would  travel  from  campus 

to  campus  describing  current  trends  and  new  uses  of  remote  sensing  data.  This 
would  be  a great  help  to  students  in  the  hinterlands.  Perhaps  NASA  could  pay 
the  salary  for  a year  of  some  of  the  most  expert  workers  in  the  field  and 
provide  travel  funds  to  present  a one  to  three  hour  seminar  at  cooperating 
Institutions.  Individuals  could  be  recruited  on  a rotating  basis  to  not  cause 
too  drastic  an  interruption  in  their  career  goals. 

e)  Alaska  is  a region  lacking  close  ties  by  virtue  of  distance.  Educa- 
tional materials  can  be  obtained  from  distant  sources  with  little  penalty 
other  than  a longer  lead  time  for  delivery.  Distance  does  present  real 
barriers  if  one  wants  technical  assistance  and  especially  for  those  services 
not  available  here.  The  fact  that  one  can  locate  specific  sources  for  services 
'outside'  is  not  always  very  satisfying,  for  most  projects  require  interaction 
by  analysts  which  entails  costly  travel.  A future  need  for  Alaska  is  the 
establishment  of  a regional  center  for  remote-sensing  research  and  applica- 
tions. Such  a center  could  serve  the  needs  of  all  users,  whether  they  be 
academia,  public  or  private  agencies,  and  whether  those  needs  be  for  data, 
data  processing,  data  interpretation,  or  technical  assistance.  Means  should 

be  sought  to  combine  the  resources  of  existing  agencies  to  meet  a wide  spec- 
trum of  needs  without  wasteful  duplication  or  specialized  fragmentation. 

Currently  in  Alaska,  remote-sensing  data  is  available  from  a number  of 
sources,  each  of  which  specializes  chiefly  in  one  type  of  data  only.  Technical 
assistance  and  services  are  available  on  a limited  basis  from  a research  insti- 
tute of  the  University  of  Alaska  in  Fairbanks,  which  also  maintains  the  most 
comprehensive  library  of  data  in  the  State  and  functions  as  a regional  outlet 
for  the  EROS  Data  Center  in  Sioux  Falls. 
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Agriculture,  Soils,  and  Hydrology 
Discipline  Academic  Groups:  CORSE  78 


by 

Donald  G.  Moore,  Chalman,  South  Dakota  State  University 
Fred  Westin,  South  Dakota  State  University 
Robert  N.  Colwell,  University  of  California,  Berkeley 


Discussion  Group*. 

Sue  Atwater,  Univ.  of  Cal  if. /Santa  Barbara 
Robert  Colwell,  Univ.  of  Calif ./Berkeley 
Bruce  Frazier,  Washington  State  University 
Don  Moore,  South  Dakota  State  University 
Greg  Moore,  Univ.  of  Cal If. /Santa  Barbara 
Paul  Seevers,  Univ.  of  Nebraska 
Bill  Wake,  Calif.  State/Bakersfield 
Gary  Washburn,  San  Bernadino  Community  College 
Fred  Westin,  South  Dakota  State  University 
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Short  Summary 


Our  ccMimittee  feels  that  for  discipline-oriented  scientists 
remote  sensing  is  best  used  as  a tool  to  aid  in  obtaining 
information  for  the  discipline.  The  establishment  of  a degree- 
granting  curriculum  in  remote  sensing  thus  is  not  recommended. 
Hoi(«ver  basic  courses  in  photo  interpretation  and  remote  sensing 
fundamentals  should  be  taken  by  resource  students.  Specific 
applications  for  remote  sensing  could  be  introduced  as  a part  of 
many  existing  resource  courses. 

NASA  can  aid  teachers  both  in  the  basic  photo  interpretation 
and  remote  sensing  courses  and  also  in  the  discipline  application 
courses  by: 

1.  making  imagery  available 

2.  supplying  equipment 

3.  teaching  short  courses  for  "hands-on"  experience  for 
teachers. 
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OPENING  REMARKS 


Remote  sensing,  with  its  many  techniques  and  innovative 
concepts  Is  being  investigated  for  its  use  as  a tool  to  acquire 
resource  information  across  many  disciplines.  This  has  been 
arophasized  with  the  advent  of  space  technology.  Within  the  three 
broad  resource  disciplines  assigned  to  our  panel,  the  features  to 
be  observed  and  mapped  fall  into  tm  major  categories  — those  which 
are  “static*  and  those  which  are  "dynamic".  For  exan?)le,  a soils 
map  would  be  considered  a map  of  a relatively  static  resource  since 
soils  do  not  change  quickly  with  time.  The  changes  occurring  are 
interpretations  concerning  soil  potentials  and  limitations  for 
certain  uses.  This  is  contrasted  to  a map  of  turbidity  where  the 
turbidity  patterns  continually  change  with  tin»  and  condition.  The 
use  of  repetitive  analyses  of  these  dynamic  resources  by  remote 
sensing  techniques  display  real  advantages  for  raoid,  synoptic 
assessments. 

Remote  sensing,  when  proven  effective,  has  been  generally 
accepted  and  in  certain  cases  has  been  implemented.  However, 
acceptance  of  new  techniques  In  traditional  programs  has  never 
progressed  at  rates  which  the  developers  of  the  techniques  anticipate. 
Therefore,  those  technically  sound,  consistently  accurate  remote 
sensing  techniques  which  are  available  or  are  developing  must  be 
documented  and  made  available  to  the  practitioners  for  their  use 
and  acceptance. 
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The  use  of  these  techniques  for  aiding  the  mapping  of  static 
resources  to  more  quickly  obtain  basic  data  Is  just  as  Important  as 
for  repetitively  monitoring  the  dynamic  resources.  For  example, 
approximately  tMO-thIrds  of  the  counties  In  South  Dakota  presently 
have  detailed  soil  surveys  with  projections  for  con^letlon  by  1986. 

If  remote  sensing  proves  effective  for  accelerating  the  surveys, 
the  soil  scientists  can  complete  their  surveys  at  an  earlier  date 
and  can  turn  their  attention  to  define  new  Interpretations  of  the 
data  which  Is  the  reason  for  the  Initial  nmpping.  As  we  further 
derive  the  maximum  benefit  from  our  resources,  demands  for  this 
type  of  professional  service  will  accelerate.  With  renwte  sensing, 
the  soil  scientist  may  have  the  capability  of  improving  his 
Interpretation  of  basic  soil  Information,  I.e.  evaluating  crop 
growth  or  land  cover  as  It  Interacts  with  climate  and  other  variables 
on  specific  soils. 

Dynamic  resources  require  accurate,  repetitive,  and  cost- 
effective  mapping  for  continual  updating  of  maps.  If  suitable 
procedures  are  employed,  especially  those  where  extensive  instru- 
mentation and  Interpreter  background  with  the  renxste  sensor  system 
1$  not  required,  action  and  research  agencies  can  open  new  avenues 
of  information  acquisition  which  will  allow  interactive  analysis 
across  many  disciplines. 

An  advantage  of  the  In^lementatlon  of  rapid  and  near-real-time 
assessment  procedures  In  a discipline  such  as  agriculture  is  that 
dally  decisions  are  made  at  various  levels  from  federal  government 
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to  private  farmers  which  have  tremendous  economic  Impact  and  which 
require  spatial  Information  concerninp  the  distribution  of  Insects, 
irrigation  waters,  weeds,  etc.  There  already  exists  through  the 
Cooperative  Extension  Service  a network  of  resourrt  professionals 
In  an  existing,  proven  Information  dissemination  system  who  are  In 
constant  contact  with  actual  producers.  Therefore,  as  the  technology 
advances  to  provide  real-time  data  and  adequate  Interpretations,  a 
tremendous  impact  can  be  expected  If  we  as  researchers  and  teachers 
work  within  the  existing  system  which  is  available  to  use  and  aid 
in  deriving  new  Info-matlon  for  making  decisions. 

Presently,  the  operational  use  of  remote  sensing  technology 
Is  limited.  However,  from  the  federal  govemi»nt  to  the  Individual 
farmer,  we  can  see  some  use  being  established  where  actual 
Information  needs  exist,  and  where  the  tool  Is  being  Implemented 
not  just  for  an  academic  toy.  Aerial  photos  have  been  used  for  base 
maps  in  soil  surveys  since  the  1930' s.  We  have  seen  federal  users 
Incorporate  procedures  using  remote  sensing  in  developing  crop 
statistics  and  have  seen  producers  acquiring  aircraft  color-infrared 
photography  to  observe  crops. 

If  we  as  an  academic  community  can  provide  researct  results 
which  are  operations  oriented  to  provide  information  to  existing 
user  needs  (in  contrast  to  attempting  to  develop  new  user  needs 
just  because  remote  sensing  can  provide  the  information)  the 
incorporation  and  use  of  remote  sensing  will  continue  to  increase. 
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with  this  develoiment,  requirement  for  academic  education  In  remote 
sensing  technology  will  continue  to  Increase.  This  educational 
need  must  be  oriented  to  various  levels  ^rom  management  to  scientist 
to  local  user.  Our  approach  must  be  well  defined  and  must  hove  full 
commitment  of  many  qualified  professionals  to  most  expeditiously 
accomplish  this  goal.  The  task  before  this  cownlttee  Is  to  prepare 
8 document,  at  the  present  state,  pertaining  specifically  to  discipline 
and  regional  needs  for  enhancing  the  teaching  of  remote  sensing  In 
our  academic  institutions.  The  discussion  format  will  gererally 
follow  that  provided  by  the  conference  chairman  but  feel  free  to 
Interject  with  coiwients  and  questions  that  you  feel  are  appropriate. 

COMMITTEE  DISCUSSIONS 

A general  feeling  by  discipline-oriented  scientists  is  that 
remote  sensing  is  best  used  as  a tool  to  aid  acquisition  of 
infornation  concerning  that  discipline.  Therefore,  the  establishment 
of  a degree-granting  curriculum  in  remote  sensing  tends  to  defeat 
the  purpose  and  use  of  remote  sensing  as  identified.  Our  resource 
scientists  should  become  familiar  with  and  be  able  to  apply  remote 
sensing  procedures  as  a discipline  tool.  Wc  feel  this  will  enhance 
the  effectiveness  of  each  graduate  in  his  respective  discipline.  If 
we  produce  remote  sensing  graduates  who  have  only  limited  discipline 
background,  the  tool  will  provide  only  limited  benefit  except  for 
few  instances  where  truly  multidisciplinary  staffs  are  available.  At 
present,  the  en^^loyer  requirement  for  iriividuals  with  oven  a brief 
Introduction  to  remote  sensing  is  not  well  established.  Therefore, 
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we  need  to  educate  the  einjloyers.  This  will  probably  best  be 
accon^lished  through  evolution  of  students  possessing  even  a 
brief  background  f'f  remote  sensing  becoming  employers  in  the  future, 
ite  do  see  that  the  demand  for  this  skill  held  by  solid  discipline 
science  graduates  is  increasing,  and  we  encourage  the  students  to 
become  more  familiar  with  the  technology. 

In  agriculturally  related  undergraduate  curricula,  introduction 
of  at  least  one  course  in  basic  photo  interpretation  and  one  course 
in  the  basics  of  remote  sensing  might  be  widely  accepted.  The  course 
could  be  cross-referenced  among  disciplines  and  could  be  in  any 
resource  discipline  where  an  expert  exists  and  where  the  course 
can  be  handled  administratively.  The  instructor  should  be  a discipline 
specialist  in  one  specific  resource  area  to  help  in  establishing 
his  creditability.  Visiting  staff  could  provide  a greater 
appreciation  for  remote  sensing  applications  across  many  disciplines. 
The  course  should  include  such  topics  as  the  design  of  an  operational 
system  for  solving  a resource  agency  problem  or  the  acquisition  of 
remote  sensing  data  from  known  sources  with  only  a limited  introduction 
into  the  theory  of  the  technology.  The  instruction  should  emphasize 
the  action  program  so  that  individuals  will  feel  qualified  to 
implement  the  tool  in  their  career  rather  than  be  frustrated  by  the 
specifics  of  the  tool.  Any  attempts  to  introduce  a greater  number 
of  courses  into  curricula  would  certainly  meet  with  resistance 
since  most  curricula  already  have  a surplus  of  courses  which  are 
presently  required  by  employers. 
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A change  of  present  remote  sensing  instruction  which  could 
most  readily  advance  the  use  of  the  technology  is  to  introduce 
remote  sensing  into  many  existing  resource  courses.  A geo- 
morphologist can  describe  landforms  through  aerial  photography  at 
various  stages  of  viewing  including  space-altitude  remote  sensors. 

A hydrologist  can  pictorally  illustrate  various  types  of  draina^ 
systems  or  the  distribution  of  turbidity.  Remote  sensing  could 
most  effectively  serve  as  a teaching  tool  while  the  students  are 
gaining  an  appreciation  for  types  of  data  and  their  information 
content.  The  student  familiarity  with  the  use  of  the  tool  by  their 
college  professors  will  yield  confidence  of  the  techniques  for  their 
continued  use  as  they  advance  into  action  agencies  or  into  managenwnt 
positions.  Me  as  instructors  can  orient  many  of  our  examples  to 
serve  our  academic  interest  as  well  as  to  demonstrate  that  the 
data  can  be  used  to  meet  the  operational  needs  for  information  by 
action  agencies.  The  instructor  should  provide  adequate  background 
to  allow  the  student  to  personally  discover  that  remote  sensing 
approaches  can  provide  different  types  of  needed  information. 

Within  the  system  and  demand  structure  presently  existing, 
the  forementioned  recorranendations  appear  appropriate.  For  greater 
action  by  most  universities,  a demonstrated  demand  by  employers  is 
required.  This  process  will  not  quickly  occur.  It  must  be  preceded 
by  well -documented  and  demonstrated  procedures  and  appropriate 
publishing  of  these  procedures.  NASA  and  other  government  agencies 
can  help  by  supplying  an  imagery  archive  for  use,  recent  publications. 
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conputer  access,  c<^uter  progrms  they  have  developed.  Information 
brochures  and  teaching  materials  on  r^M  or  projected  systems,  etc. 
Assurances  of  the  continuation  of  data  collection  and  dissemination 
systems  must  be  available.  For  the  student  to  gain  understanding 
of  the  use  of  specific  systems,  the  Incentive  of  his  assurance  the 
system  Mill  be  available  In  the  future  Is  required. 

A visible  demand  for  increased  academic  exposure  for  remote 
sensing  technology  is  documentation  of  required  student  experiences 
in  job  descriptions  Identifying  a remote  sensing  background.  Only 
few  Civil  Service  descriptions  include  remote  sensing.  Many  federal 
agemrles  ask  their  respective  discipline  professional  societies  to 
prepare  job  specifications.  If  we  feel  remote  sensing  experience 
can  provide  a valuable  asset,  then  we  In  the  academic  Institutions, 
who  are  the  principle  component  of  our  professional  societies, 
should  encourage  the  committee  charged  with  this  responsibility  to 
consider  requiring  the  experience  for  certain  levels  and  types  of 
positions.  If  this  demand  is  created,  universities  would  quickly 
respond  and  Include  appropriate  academic  courses. 

Advanced  courses  of  remote  sensing  should  include  actual 
laboratory  and  field  experience.  Laboratories  are  difficult  to 
implement  for  lower-level,  high-attendance  courses.  However, 
appropriate  avenues  exist'to  handle  small  numbers  of  students  within 
a given  discipline  through  special  topics  credits.  The  development 
of  confidence  In  the  student  for  actually  using  the  technique 
arises  from  having  supervised  experience  in  making  laboratory 
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Interpretitlons  and  fitid  verification  and  correction.  This  is 
true  for  both  photo  interpretation  and  digitally  oriented  courses. 
Often  for  the  advanced  interpretation  course,  a certain  degree  of 
equipment  is  required  in  additional  image  archives,  stereoscopes, 
transfer  scopes,  coa^juters,  etc.  At  early  stages  if  NASA  could 
provide  small  grants  or  a screening  of  surplus  property  to  help 
universities  obtain  this  basic  equipment,  the  courses  could  be 
rooro  readily  in^ilemented. 

As  with  agency  staff,  many  university  staff  have  not  been 
exposed  to  appropriate  instruction  or  to  the  experience  of  using 
remote  sensing  techniques.  Secondly,  local  exan^les  where  students 
have  studied  the  terrain  properties  should  be  used  for  maximum 
student  benefit  and  these  are  often  not  available.  If  an 
appropriate  course  is  not  available  with  adequate  teaching  materials, 
the  interested  staff  must  develop  this  course  and  materials  to 
meet  local  needs.  In  addition,  romote  sensing  capabilities  are 
rapidly  changing.  These  factors  all  create  the  problem  that  to 
offer  a quality  course  of  instruction,  a professor  who  already  has 
considerable  demand  for  his  time  nwst  find  additional  time  and 
finances  to  maintain  (or  develop  in  many  instances)  his  academic 
background  with  an  understanding  of  "this  year's"  technology.  This 
professor  time  probably  should  be  away  from  campus  for  concentrated 
study.  This  could  be  accomplished  with  a sequence  of  topically 
oriented  short  courses  at  NASA  or  advanced  university  facilities. 
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After  the  basic  conpetence  Is  developed,  one  week  of  short  courses 
every  sunner  would  serve  to  continually  update  In  technology  advances. 

These  suggestions  are  certainly  not  all  enconv«ss1ng  but 
a concensus  of  the  group.  We  do  feel  the  more  Important  aspects 
have  been  covered  with  the  more  Important  suggestions  provided. 

Ife  do  wish  to  qualify  the  statements  for  the  reason  that  all 
individuals  In  the  discussion  group  are  presently  active  in  remote 
sensing  research  and/or  instruction.  Therefore,  certain  of  the 
views  may  contain  some  bias. 


Conference  on  Remote  Sensing  Educators 
CORSE  - 78 
Stanford  University 


Discipline  academic  group  workshop:  Geography,  Urban  Planning,  Land  Use 


Panel  Meirt)ers: 

Merrill  K.  Ridd,  Chairman  - Geography/Planning,  University  of  Utah 

Nevin  A.  Bryant  - Earth  Resources  Applications,  Jet  Propulsion  Lab 

Sen-dou  Chang  - Geography,  University  of  Hawaii 

Willard  T.  Chow  - Urban  Studies  & Planning,  University  of  Hawaii 


Setting: 

The  panel  meirtiers  corresponded  by  letter  and  telephone  prior  to  the 
workshop  to  develop  Ideas  and  prepare  an  outline  for  the  workshop  discussion. 

The  follotflng  Is  a sunriary  of  the  open  discussion  in  the  workshop,  in  which 
there  were  about  20  persons  present  and  each  person  entered  Into  the  discussion. 

The  many  points  brought  up  In  the  workshop  are  blocked  Into  four  major  headings 
for  convenience. 

I.  Is  there  an  opportunity  to  use  remote  sensing  in  Geography  and  Urban 
Planning  curricula? 

Chow:  Yes,  but  many  obstacles  need  to  be  overcome.  Including  training, 

obtaining  materials,  different  needs,  . . . 

Bryant:  Definitely,  but  materials  need  to  be  of  the  immediate  area 
familiar  to  the  students.  Otherwise  students  have  no  concept 
of  scale,  size,  or  meaning  of  the  place.  Once  the  student  has  made 
association  between  the  Image/photo  and  the  ground,  then  he/she 
can  extend  to  Images/photos  of  remote  and  unfamiliar  places, 
remote  sensing  can  be  developed  as  an  effective  tool  and  skill  In 
learninq  about  geography;  WRAP  (Western  Regional  Applications  I 

Program)  could  make  sets  of  material  available  to  teachers.  i 

I 

Chang:  Regional  studies  in  geography  could  be  enhanced  significantly  ! 

through  satellite  Imagery  of  the  region.  This  could  (a)  help  I 

sagging  enrollments  in  regional  courses,  and  (b)  enrich  student  j 

understanding,  augmenting  maps  (which  are  abstract  symbols)  with 
the  reality  of  Imagery. 

Ridd:  In  planning  education, also,  remote  sensing  can  be  valuable  both 

(a)  as  a skill  for  Inventorying  and  analyzing  the  landscape,  and  j 

(b)  for  substantive  Information.  For  broad  regional  planning  ; 

and  resource  analysis,  satellite  Imagery  has  obvious  utility  making 

available  Information  at  a regional  scale  not  accessible  before. 

For  urban  planning  the  use  Is  less  obvious  at  the  moment,  but  Is 
becoming  a usable  tool  that  needs  to  be  promoted. 
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preceding  page  wlank  not  filmed 


open  discussion  fr<m  the  floor; 

1.  1tie  urban  fringe  Is  where  the  action  Is  In  geography  and  planning. 
Rasote  sensing  can  be  an  effective  instructional  tool  as  well  as  an 
Investlgatlve/analytlcal  tool  and  Is  beginning  to  be  proven. 

2.  An  exanv>1e  of  regional  resource  analysis  and  planning  1n  North 
Dakota  was  highlighted  - serving  as  a training  opportunity  for 
students,  a service  to  state  and  local  agencies,  and  building  up  the 
skills  and  equifxnent  of  a department. 

II.  How  can  RAP  help? 

1.  The  general  feeling  was  that  RAP  could  help  a great  deal  if  their 
charter  alleys.  There  was  extensive  discussion  about  RAP's  charter 
and  its  degree  of  freedom  to  support  schools. 

2.  The  question  of  the  relationship  of  teaching  and  research  en«rged. 

The  question  of  whether  RAP  could  support  research  at  all  - the 
question  of  research  vs.  demonstration  projects  - the  question  of 
piggybacking  some  research  on  demonstration  projects,  and  oiggy- 
backlng  teaching  opportunities  on  both  research  and  demonstration 
projects  were  extensively  discussed. 

3.  Wayne  Mooneyhan,  Director  of  the  RAP  program  at  Slidell,  La., 
emphasized  that  the  RAP  program  never  was  meant  to  be  a research 
vehicle  - but  a technology  transfer  device  - a means  of  conveying 
the  results  of  research  Into  application  demonstrations,  especially 
through  state  and  local  agencies. 

4.  The  question  of  the  role  of  universities  In  this  process  was  then 
debated.  What  does  NASA  expect  from  the  universities  in  the  RAP 
program?  Why  has  the  conference  on  Remote  Sensing  for  Educators  been 
called  by  RAP?  Do  they  just  want  a discussion?  Or  do  they  want  to 
establish  a mechanism  to  promote  RAP's  Interest  coupled  with  university 
Involvement  - and  how? 

5.  Some  of  the  conclusions  derived  were  that  RAP  (If  their  charter  allows) 
could  help  In  the  follwing  ways: 

a)  Providing  remote  sensing  material  to  schools  and  educators 
(In  the  local  area  and  elsewhere). 

b)  Support  training  - directly  to  professor,  and/or  indirectly 
through  a team  of  educators  who  are  well  qualified  In  remote 
sensing  to  the  many  others  who  are  not,  but  are  Interested 
or  can  become  Interested.  This  could  be  done  at  NASA/ Ames 
and/or  at  major  Remote  Sensing  schools  and/or  at  small  schools 
with  limited  facilities  and  skills. 

c)  "Innovations  In  teaching"  grants. 

d)  Cooperate  In  detron strati  on  projects  promoted  by  RAP  In  the  states. 

It  was  generally  argued  that  these  could  be  relatively  low-cost  means 
of  transfer  to  schools.  It  was  further  felt  highly  justified  for  RAP, 
because  the  schools  are  the  source  of  trained  people  moving  into 
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the  market  In  state  and  local  agencies. 


III.  How  can  RAP  and  the  universities  best  cooperate  In  their  respective  charters? 


1.  It  was  recognized  that  NASA's  Intent  Is  to  stimulate  a "user  driven" 
system  where  agencies  are  creating  the  need  for  Remote  Sensing 
applications. 

2.  It  was  recognized  that  RAP's  purpose  Is  to  transfer  technology  to  state 
and  local  agencies  to  help  create  that  need. 

3.  It  was  also  surmised  that  NASA  desires  agencies  to  become 
sufficiently  "sold"  to  begin  funding  projects  through  their  own  budgets, 
at  least  1n  part. 


4.  It  was  strongly  argued  that  the  universities  should  become  and  remain 
a part  of  the  technology  transfer  system  through  a tHree-way 
cooperation  as  Indicated  In  the  following  schematic  diagram: 


University 


State 


a)  RAP  promotes  demonstration  projects  (and  other  technology  transfer 
vehicles)  in  the  state,  and  at  the  same  time,  and  with  equal  concern, 
stimulates  remote  sensing  development  and  training  in  the  university 
by  involving  them  as  a partner  in  the  project.  This  enhances 
NASA's  over-all  objective  by  infusing  their  technology  immediately 
and  directly  to  the  state  user,  serving  a short-term  need.  NASA's 
long-term  interest  is  also  enhanced  by  stimulating  university  development 
and  promoting  university-state  interaction  in  remote  sensing. 

b)  The  university  gains  in  the  short-term  through  enhanced  skills  in 
the  transfer  of  NASA  technology,  enriching  faculty  and  training 
opportunities.  Many  universities  are  already  strong  enough  to 
originate  much  of  the  technology  and  service  in  cooperation  with 
NASA  to  the  state  agencies.  The  university  long-term 
interests  are  served  through  the  working  relationship  with  state 
agencies.  The  university  training  program  is  enhanced  to  keep  a 
flow  of  well -trained  students  ready  for  the  growing  market. 

c)  The  state  agency  benefits  from  both  NASA  and  university  input  by 
working  on  key  projects  in  a new  and  efficient  way.  The  scate  is 
assured,  from  the  universities,  of  a continuous  service  of  trained 
employees. 


The  role  of  RAP  Is  assured  by  the  continued  need  for  innovation  and 
transfer  to  states  beyond  the  capabilities  of  many  states  to  keep 
current  with  Innovations  through  their  own  resources  or  of  the 
universities  In  many  states. 
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IV.  Some  remaining  questions  worthy  of  continuing  discussion  and  resolution.* 


1.  The  following  questions  were  prepared  prior  to  the  workshop  for 
discussion*  but  were  only  lightly  touched.  They  need  to  be 
explored  deeply: 

a)  Can  RS  use  be  expanded  In  resource  management  and  planning? 

-In  what  ways 

-With  what  difficulties 

-How  rapidly 

b)  How  can  RS  Interface  with  geographic  Information  systems  (6IS)? 

-How  Important 
-How  to  expedite 

c)  What  RS  skills  are  needed  by  the  agencies? 

-BS  level 
-MS  level 
-Short  courses 

d)  What  role  should  RS  educators  and  university  facilities  play  In  this 
training? 

-Pre-service 

-In-service 

e)  What  is  ideal  course  content  and  structure? 

-Broad  or  narrow  in  thematic  coverage 

-Pragmatic  or  theoretical  emphasis 

-How  much  physics  (at  what  level  and  for  what  students) 

-Prerequisites  and  RS  course  sequences 

-Field/lab/lecture  balance 

f)  Course  approaches 

-Local  examples 

-Field  observation,  ground  truth 
-Image  processing 
-Manual  exercises 

g)  Facilities  needed 

-Equipment 

-Space 

-Staff 

h)  Incorporation  of  RS  courses  into  the  curriculum 

-In  planning 
-In  geography 

i)  Extending  RS  into  other  classes  in  the  department 

-Physical,  environmental 
-Resource 
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-RtglfHWl 
-PI inning 

J)  Valui  of  RS  In  teaching  gaographlc/tpatliVpIannlng  concepts 
-Scale  hlerawhy 
-Generalizing 
•Spatial  molytlon 

-Regionalizing  and  regional  Interaction 

k)  Integrating  RS  research  w1^  teaching 

-Student  point  of  view 
-Teacher  point  of  view 

l)  Attracting  students  from  other  departments 

-Pros 

-Cons 

m)  Conmunl cation  between  RS  educators 

-How  to  lnprove 

n)  Training  of  RS  educators 

-College 

-JC 

-High  school 

o)  Training  of  decision-makers  (elected  officials,  planning  commission, 
etc.) 

-Material  taught 
-Class  format 

-Assistance  from  federal  a^ncles 

p)  Funding 

-Material 

-Facilities 

q)  Assistance  to  RS  educators 

-NASA 

-Other  federal 
-State,  local 

r)  The  problem  of  teaching  remote  sensing  In  geography/urban  plan- 
ning/ land  use  with  limited  facilities. 

s)  The  matter  of  mixing  class/laboratory/fleld  experience  In  teach- 
ing. 

The  matter  of  relating  and  Integrating  remote  sensing  research 
with  teaching. 

t)  The  prospects  and/or  problems  of  extending  remote  sensing  educa- 
tion Into  pre-college  schools. 
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Tht  of  tnlnlnp  eolith  (or  ttoef^rs  of 

ronott  tmtifif. 

u)  T(»  mttor  of  Mtoiiilt,  raiourctt,  tnd  rtftfimm  In 
ttnsfim  «kicitlMi. 

^ pr^lma  or  viluts  of  tMcMng  ftnoiHilIzIng,  and  claiilfylng 
throuiH'  rtmttly  stnsad  data. 

Tht  probtlM  or  valuta  of  taaching  tcalt  hltrarchlta  through 
renotily  ttnatd  data. 

v)  Tha  Issut  of  "spatial  rasolutlon"  as  rtlated  to  ttaching 
geography/urban  planning/land  use. 
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A WOKS  FROM  TKI  OCBMOdtAraV 

NATRll  RMOUMCBS  WORXSROF,  G0R8F  78 
Victor  T.  NMl,  Chcinvui* 

man  sbisxnq  xn  ocsMtoGMumy  and  natm  mouncn 

"Remote  eenelnv"  in  one  form  or  another  haa  always  been  an  iiqportant 
method  of  ^tainin^  oceanogra^ie  data  since  s«pi**  *nd  measurMents  have 
to  be  oSstained  where  man  cannot  easily  go.  Xn  recent  years*  especially 
since  the  satellite  era  began*  the  repression  "rwnote  sensing"  has  been 
used  primarily  to  refer  to  both  active  and  passive  sensing  of  the  earth 
from  aircraft  and/or  space  craft.  Xn  water  resource  work*  especially 
ocaanograj^y*  this  type  of  sensing  is  even  more  remote  than  the  traditional 
methods*  therefore*  there  has  been  reluctance  to  use  it  even  though  it  does 
have  good  potential  for  synoptic  gathering  of  surface  data  and  it  can 
relay  data  from  rmote  regiems.  It  also  can  be  used  to  intercalibrate 
instruments  being  used  in  widely  separated  regions. 

Ihere  have  been  many  uses  of  satellite  and  aircraft  for  rmnote 
sensing  in  water  sciences.  Some  have  been  experimental  only*  some  have 
been  well  developed  and  some  are  still  in  planning  stages.  A few  exaa^les 
may  illustrate  the  variety  of  usest  sea  ice  coverage*  age  of  sea  ice, 
tracking  of  ice  bergs*  laser  profiling  of  sea  ice*  water  surface  tempera- 
ture* current  boundaries*  sea  state*  delineatfon  of  upwelling  areas*  assess- 
ment of  fish  and  krill  distribution*  pollution  distribution*  plankton  bloaas, 
coastal  sedimentation  and  erosion*  interrogation  of  and  tracking  of  drifters* 
location  of  color  fronts*  river  plume  observation*  snow  cover,  water  use 
rates*  etc. 

rhe  equipisent  and  techniques  used  vary  from  passive  visual  and  infrared 

sensing  to  active  methods  (kmser*  r^ar/radio) . Each  method  has  its  own 
"Other  panel  menbers  are  listed  on  page  569. 
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Md  truth”  it  ttflltiti  ill  ilMtly  til 

inttr^ttttiont  tai  autt  not  b«  ovtrlo^td.  tiM  o&mi  it  vatt«  vt 

htvt  no  pottibUity  of  obtaining  tuffieitnt  Mtturttitntt  at  tta  to  natch 
tht  9icd»al  eovartft  of  MttUittt. 

Ont  of  tht  traditional  :»roblMMi  of  r«*ota  tanaing  hat  baan  oovar. 

tvaa  tiiou^  radar/ri^io  can  pamtrata  cloudt  thay  cannot  provida  all  tha 
kindt  of  data  datirad.  IU»thar  major  s»^itm  it  that  anieh  of  tha  oeaano* 
gra^io  informttim  naadad  taiat  coma  from  banaath  tha  aurfaee  of  tha  taa 
(thia  it  alao  triM  of  lakat  but  lakai  art  vary  thallow  in  ooaguurit^).  In 
ordar  to  g*»t  aoM  tulMurfaca  informatimi,  dr  if  tar  a and  da^  taa  buoya  may 
ba  uaad.  Hovavar  thay  art  limitad  in  that  thay  uaually  c«uwt  gat  infor- 
mation Iron  tha  antira  vatar  colunn  and  thay  art  raatrietad  in  araal 
eovara^. 

Tha  raaolutlon  and  accuracy  of  much  of  tha  aarial  and  apaca  data 
obtained  haa  baan  inadaguata  for  baaic  ocaanographic  raaearch.  Navarthelaaa* 
a "broad  brush"  pietiura  and  tranda  may  ba  obaarvad  in  a rMsonabla  tima 
frtBM.  Ihifortunatalyf  data  for  uaa  in  fishariaa  operatiiHif  managamantt  and 
regulation  must  ba  racaivad  in  real  timai  va  have  not  yat  aehiavad  thia 
OKcapt  in  limitad  cases. 

lha  basic  prc^lams  of  data  piocassing  and  interpretation  do  not  differ 
in  principle  from  other  types  of  data.  Coi^tar  tachniguas  have  enabled  ua 
to  screen  data  in  many  ways  and  to  reduce  noise  levels  to  the  point  that 
useful  data  can  be  gleaned  from  idiat  at  one  time  would  have  been  considered 
uaelces  records,  since  data  rates  can  be  very  high,  the  amount  of  data  to 
ba  proeassad  can  becoaia  excessive  if  not  properly  programmed. 

SS4 


Recent  dcvelofnents  of  internet  include  the  Coastal  Zone  Color 
Scaxamt  (C^3>  on  Niabus  G and  the  launching  of  SEASAT  1.  ^e  CZCS 
measurements  provide  information  on  chlorophyll  concentration,  sediment, 
and  surface  ten^erature  and  may  be  used  for  mapping  productive  areas,  as 
%fell  as  exchanges  between  coastal  effluents  and  open  oceeui  waters.  Die  CZCS 
is  an  image  scanner  with  six  co-registered  channels  spectrally  centered  at 
0.433,  0.520,  0.550,  0.670,  0.750,  and  11.5  micrometers.  The  instrument 
uses  a fully  rotating  scanner  which  scans  across  track  at  a rate  of  8.0808 
rev/sec.  The  instantaneous  field  of  view  is  0.05  degrees,  or  a sea  level 
square  of  825  meters  on  a side.  The  active  portion  of  the  scan  is  78.7 
degrees,  producing  a cross  track  swath  of  1566  km.  The  scan  rate  and 
instantaneous  field  of  view  are  such  that  each  swath  overlaps  the  preceding 
one  by  about  25%.  The  scanner  mirror  can  be  tilted  forward  or  backward  by 
plus  or  minus  20  degrees  line  of  sight  about  the  spacecraft  pitch  axis, 
in  2.0  degree  increments.  This  movement  is  used  to  avoid  sun  glint. 

The  video  signal  from  each  channel  detector  is  amplified  and  filtered. 
Each  channel  is  provided  with  an  eight-bit  resolution  Analog-To-Digital  (A-E) 
convn-rter  which  converts  the  video  signal  into  72.73  * 10^  signal  level 
saunples/sec  (each  sample  represented  by  an  eight-bit  word) . The  active 
portion  of  each  span  will  contain  1968  picture  elements  (pixels)  for  each 
chauinel. 

The  CZCS  will  normally  be  operated  on  a 30%  on  and  70%  off  duty  cycle 
in  each  orbit.  Commandable  functions  include  gain  change  commands  and 
threshhold  offset  enable/disable  for  channels  1 through  4 (gains  can  be 
commanded  to  one  of  four  settings) . Each  channel  amplifier  electronics  can 
be  switched  off  separately  in  the  event  of  failure  of  a channel,  thus 
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raducing  the  ii^act  on  the  r«aalnlng  channels 


NOAA  will  archive  ocean  color  data  frcMi  himbus  G.  At  present  a lot 
of  color  data  from  U-2  flights  has  been  obtained. 

fhe  Interesting  features  of  SBASAT  1 include  the  following i 

1)  Compressed  pulse  radar  altijneter  capable  of  altitude  to  ilO  cm 
I9IS  with  orbit  information  on  geoid  and  time  variations  to  il-2  m.  It  can 
be  used  to  obtain  significant  wave  height  from  the  leading  edge  of  the  pulse. 

2)  Synthetic  aperture  radar  or  coherent  imaging  radar  (SOm)  for 
observing  icet  ollsplllst  and  current  patterns.  It  also  can  make  omtputa- 
tiona  to  determine  wave  directional  spectra  and  to  relate  wave  conditions 
and  wind  speed. 

3)  Microwave  wind  scatterometer  (senses  capillary  waves)  to  obtain 
velocities  in  excess  of  25  ra/s  ±2  m/s,  ±20*.  It  provides  an  entire  ocean 
map  in  12  hours. 

4)  Scanning  Multi frequency  Microwave  Radiometer  (SMMR)  uses  6,  10, 

18,  21,  and  37  GHz  passive  radiometer  which  senses  contributions  from  ocean, 
ice  and  atmosphere,  bow  resolution  images  are  of  about  100  km.  It  senses 
windspeeds  from  10-50  m/s  and  SST  ±1.5®  K (severe  side  lobe  problem  exists) 
and  atmospheric  water  for  corrections  to  altimeter  readings. 

5)  IRR  produces  thermal  images  (1®  K)  like  current  VHRR  (atmosphere 
correction  is  not  node) . 

At  present  most  oceanographers,  their  technicians  and  students  learn 
the  techniques  they  need  on  their  own.  It  is  not  likely  that  this  state 
of  affairs  will  change  much  in  the  near  future.  At  present  we  do  not  know 
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of  any  positions  for  oeeanogr^hie  remote  sensing  specialists.  Therefore, 

should  consider  developing  technical  manuals  as  this  group  has  a real  need 
for  good  manuals  on  remote  sensing  applied  to  oceanography.  It  is  somewhat 
like  computer  use  was  in  its  early  stages.  It  is  possible  that  in  the  future 
roBote  sensing  technologists  may  be  trained  somewhat  as  computer  programmers, 
etc.  have  baen  in  recent  years.  However,  it  is  difficult  to  predict  future 
uses  because  technological  improvements  may  radically  change  the  capabilities 
of  remote  sensing  devices. 

It  seems  that  the  first  step  slKJuld  be  to  create  an  awareness  on  the 
part  of  researchers  in  the  field  regarding  the  potential  of  remote  sensing. 

The  values  of  remote  sensing  for  coastal  zone  management  should  also  be 
presented  to  students  in  marine  resource  management.  The  basic  problem 
is  to  find  the  best  way  to  accomplish  these  tasks.  There  are  several 
possible  ways.  One  is  to  offer  seminars  on  the  subject  to  faculty  and 
students  alike.  Another  method  is  to  offer  short  courses  or  survey  courses 
for  researchers  so  they  can  get  a better  feeling  for  the  potential  of  the 
method.  It  is  possible  that  short  survey  courses  could  be  offered  just  before 
fall  term  registration  at  many  oceanographic  institutions;  this  probably 
could  be  done  on  a trial  basis  at  some  institutions.  For  students  it  is 
possible  to  either  include  some  remote  sensing  in  existing  courses  or  to 
design  one  or  two  new  courses  for  the  purpose.  Any  of  the  above  will 
require  some  planning  and  financial  resources.  There  may  be  a need  for 
very  specialized  studies  regarding  applications  and  interpretations  not 
covered  in  the  physics  courses  available.  Nevertheless,  we  do  not  believe 
it  is  desirable  that  a set  of  remote  sensing  courses  be  developed  at  this 
time.  It  may  also  be  possible  to  have  individuals  work  for  a short  period 
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with  time  vfwkers  at  various  centers  where  r«K>te  sensing  is  routinely  being 
I^A  could  assist  by  sending  speakers  to  give  seminars  at  oceaimgraphic 
institutions  and  to  work  individually  with  scientists  there.  Speakers  have 
been  sent  out  in  the  past.  It  was  mentioned  in  the  meeting  that  Donna 
Hankinst  Htanboldt  State  University*  Areata,  California  95521  (phone  707-826- 
3731)  may  be  able  to  comment  on  the  mechanics  of  this  procedure.  NASA  may 
also  find  it  desirable  to  take  people  on  board  for  short  periods  to  gain 
practical  experience. 

Regeurdless  of  which  method  or  methods  are  used  for  training  there  is 
a need  to  get  meteorologists,  oceanographers,  engineers  and  ranote  sensing 
specialists  together  to  discuss  the  merits  and  needs.  The  scientists  need 
to  communicate  their  needs  so  that  development  of  needed  instrumentation  can 
be  accelerated.  There  is  also  a need  for  more  interaction  within  and  among 
the  following  groups:  NOAA  (including  Sea  Grant  and  Coastal  Zone  Management), 

NASA,  US  Navy,  US  Coast  Guard,  US  Air  Force,  US  Corps  of  Engineers,  US  EPA, 
and  appropriate  state  agencies  as  well  as  universities. 

One  of  the  problems  associated  with  Increased  use  of  the  modern  tech- 
niques is  the  cost  and  availability  of  processing  equipment.  It  seems  that 
It  is  too  expensive  to  have  a full  setup  at  each  institution  that  is 
interested  in  the  work.  It  may  be  that  regional  consortlas  of  institutions 
or  regional  processing  centers  (somewhat  like  NCAR  or  UCAR)  connected  to  remote 
stations  are  the  answer.  A learning  center  could  be  included  in  each  center. 
Such  centers  could  specialize  in  land  use,  weather  and  atmosphere,  vegetation, 
marine  uses,  coastal  zone  management,  pollution,  lakes  and  rivers,  hydrology, 
or  other  fields. 
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Ragacdlasfl  of  th«  mathods  choean  for  educating/training  tochnlclatia  aa 
««ll  aa  aclantlstB  all  need  som  background  in  tha  technology  involved  and 
in  the  field  in  vdiich  the  reeaarch  is  to  be  carried  out  (including  knowledge 
Of  the  particular  processes  being  studied).  Therefore,  courses  in  the 
following  areas  are  st^gesteds  oceanography  (biological,  chemical,  geological, 
or  physical,  depending  upon  field  or  research),  marine  optics,  limnology- 
t^drology,  electromagnetic  radiation  in  the  atmosphere,  physics  (optics, 
electromagnetic  radiation,  etc.),  remote  sensing  applications  In  oceanography, 
oomputer  science,  mathematics,  statistics,  and  r«»te  sensing  instrumentation. 

Pinel  menbersi 

Estes,  University  of  California,  Santa  Barbara 
Kenji  Mishioka,  NkSA  Rama  Research  Center 
Robert  Wrigley,  NASA  Ames  Research  Center 
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Oonfagenoe  Cloaing  0«reroany 


1h»  folIoMlng  ■uoniarlM  ware  pcMantad  by  pwaons  attented 
tha  oonfennoe  and  vihD  agreed  to  provide  a ahort  daacriptlan  of  thiir 
reaction  to  the  activitlM  that  tran^ired  and  their  thou^tts  for  future 
OC3RSE  activities. 

oaRLBS  NELSON,  Chioo  State  University  "As  I listened  to  tiie 
flrtt  covl.  .p«k«r.,  I bK>«  ai.oc«ag^  «a  lott  ..  far  » th.  j 

discussion  of  digitizing  and  related  siisjects.  Z also  was  kind  of  i 

jealous,  I think,  because  we  don’t  have  thc»e  facilitin.  Me  are  a 
■nail  echool,  and  we  just  can't  aifford  digitizing  and  ocnputer  equipment 
at  this  time.  After  I started  ocnpladning,  %«e  went  to  the  workshops  and 
I found  out  that  some  of  these  facilities  are  available  to  state  oollegra 
if  they  have  a oonputer  systan  and  sane  of  the  prograans  can  be  re-written 
to  fit  their  particular  oonputer  system,  so  I becane  a little  bit  more 
enoouraged.  Ibe  zest  of  this  is  going  to  be  just  a series  of  little  | 

thou^ts  that  I've  had  of  things  that  I aqiected  and  things  that  I didn't 
get. 

One  of  the  shortocmings  I thouc^  was  the  imagery  availability.  | 

! 

I thou^t  that  I could  find  out  more  about  how  to  obtain  a lot  of  thirds,  ! 

particularly  thermad  infrared  and  SIAR  images.  I've  been  trying  to  locate 

I 

sources  of  sudi  data  but  I still  haven't  succeeded.  I have  names  and  ad-  j 
dresTCS  of  source  agencies,  particularly  in  the  state  of  California,  that 
I hand  out  to  students  to  tell  them  if  tltey're  interested  say,  within  the 
Ooaist  ranges,  "Here  au:e  seme  of  the  source  areac,  here's  how  you  can  get 
hold  of  the  indexes"  or  you  can  ceme  to  me  and  I have  most  of  the  indesces 
and  I can  help  fill  out  order  forms  so  they  can  order  their  own  imagery. 

I'm  hewing  thait  maybe  something  like  this  can  be  added  to  the  Proceedings 

because  it  would  surely  help  me,  particularly  in  the  SIAR,  the  thermal, 

etc.,  etc.  ^ 

PRECEDING  PAGE  BLANK  NOT  FILMEjfK 


Another  idea  X csane  to  the  oonferanoe  with  is  having  NASA  help 
m,  and  found  out  that  NASA  can't  necessarily  help  me.  I have  to  take 
oue  of  ayself.  So  I guess  that's  when  we  start  working  togethtf  and  I've 
started  interacting  with  other  people  (the  people  fron  Oregon  say  th^'re 
having  troubles  with  getting  imagery) . I think  that  that's  one  of  the  big 
things  that  I've  learned  is  the  location  of  other  data  souroes— sources  that 
I thought  I knew  most  of  thenif  but  I don't.  And  so  that's  been  one  really 
big  advantage. 

I've  also  found  out  about  the  eg^pnent  that  others  have  that  I 
don't  have.  Ihey  seem  to  be  amicable  to  me  ocming  and  using  seme  of  theix 
eguiinent,  so  I'm  going  to  do  it.  And  if  they  ^ tired  of  me,  I'm  going 
to  do  it  anyway.  I'm  going  to  press  them  as  far  as  I can  go.  I do  remember 
sending  one  student  to  Ames  to  use  copy  equipment  to  ebtedn  ima^ry  of  a fire 
that  had  oocurred  in  Southern  California-- he  was  doing  a r^x>rt— but  I didn't 
know  that  this  ima^ry  is  avcdlable  for  most  of  the  United  States.  Ihere's 
other  thin^  like  audiovisuil  materials,  <d\ee^>er  ways  of  doing  things  if  you 
can't  afford  the  inagery  you  can  gedn  ocpies  by  offsetting  some  of  this  stuff. 
You  lose  a little  quality,  but  it's  still  worth  it.  Ozedid  overlays  are  other 
we^  of  getting  a little  bit  better  inagery. 

Probably  one  of  the  best  things  about  the  vhole  week  was  the  inter- 
action with  the  "greats"  in  the  field  like  all  the  people  1 always  read  about 
and  I wender  what  they're  really  like.  Some  of  them  have  ideas  that  are  a 
little  different  that  I had  in  mind.  Some  of  them  are  just  v4iat  I expected, 
but  being  able  to  interact  with  them  and  tell  them  what  I want  or  ask  them 
what  they've  been  doing,  I've  got  some  very,  very  positive  results  out  of  that. 

I now  have  infomation  for  sending  students  on  to  other  universititt. 
Our  program  at  this  time  has  only  one  or  two  courses  offered  in  remote  sensing, 
but  now  I can  reoonmend,  for  example,  that  interested  students  vrix}  want  training 
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in  digitizing  go  to  C8U  (Ooloradb  State  Univursi^).  So  that's  been  really 
good.  And  myself,  if  I'm  going  to  go  on  for  a Ph.D.,  I'm  going  to  have  to 
find  out  vdiere  I want  to  go  so  that's  been  really  good  for  me. 

Social  interaction,  well,  I'm  getting  tired,  I'm  glad  I'm  going 
heme.  It's  been  a few  rou^  nights.  I'll  tell  you. 

Another  shortocming  that  I've  had,  that  I've  felt  from  this  0on> 
ferenoe  is  jobs.  Where  can  I send  ny  students  for  jobs?  If  I want  a job, 
nhere  can  I go?  Ihe  budget's  ocming  out  in  another  wedc.  I was  hoping  to 
find  a few  answars.  I hear  a lot  of  that  sort  of  discussion  that  remote 
sensing  is  a job  znd  that  jobs  are  available.  I've  eaked  a few  people.  I 
guess  they're  just  not  there  unless  you  know  someone  or  unless  you  go  to  the 
ri^t  school  or  something.  I guess  that's  more  homevrork  that  I'm  going  to 
have  to  do.  I’m  going  to  have  to  seek  out  these  state  a^ncitt.  I'm  ^ing  to 
have  to  try  to  get  my  students  intemshif».  Perhaps,  this  is  another  suggestion, 
in  the  Broun  Hregper,  majhe  there's  apeucx  in  the  newsletta:  for  job  availability, 
jobs  that  are  being  offered  within  the  field  of  ranote  sensing. 

Hie  field  trip.  I think  that  it  would  have  been  helpful  to  Ivive 
a field  trip  like  the  one  at  Santa  Maria,  vhere  you  get  people  using  the  imagery 
out  in  the  field.  Perhaps  the  field  trip,  if  we're  at  Mnes  again,  could  visit 
the  San  Andream  fault.  We  oould  use  satellite  auid  other  imagery  of  San  Fran- 
cisco that's  been  printed  in  color  (false  color  cerposite) . The  field  trip 
oould  visit  a site  along  the  fault  and  include  looking  at  culturad  features, 
such  as  the  salt  ponds  and  the  South  Bay.  Such  a field  trip  could  be  quite 
valuable  for  a future  Conference  of  Remote  Sensing  Educators. 

Workshops.  Workshops  were  prc^iably  the  most  successful,  I thai^it. 
Starting  to  intereurt,  I wasn't  quite  as  nervous  after  I found  that  ott^r  people 
were  having  similar  problers.  At  first  I thou^t  it  was  just  me,  I thc»jght, 
well,  you're  really  weird.  These  pecple  are  talking  about  a lot  of  things  that 
you  don't  understand,  that  you've  never  hecund  of.  I started  interactir^  and 
finding  out  that  a lot  of  them  are  having  the  same  prc±>lems  I am.  Tt«  work- 


593 


riupi  9^  a lot  of  that  out  for  diwuss^.  Share's  a lot  ^ the  wock- 

ittap  diKUMiOM  tiiat  I ffllMad  that  X really  inant  to  pick  ip  in  the  Proceeding. 

Ihe  fm»  tour  t«s  femtastio  for  ne.  I can  underatmd  tiie  tednology 
a lot  better  ncM,  t hope  to  bring  ny  atudmte  dam  here  in  the  futeire.  He're 
located  a little  clMer  than  a lot  of  universities,  but  I guess  that's  to  our 
advantage." 

PftUIA  ttf^iversity  of  Alaaka  "We  have  been  asked  to  addrMS 

three  particular  guMtions.  One  of  then  was,  what  did  we  expect  whan  we  cane 
down  here,  std  the  second  one  was,  what  did  we  find.  Thinking  about  this,  I 
aKppose  one  could  say  if  you  eaqpect  nothing  in  particular  tvhen  you  start  off, 
tiian  you're  not  disappointed  when  you  get  here.  Hhidi  means  then  that  we  can 
dispense  with  the  first  two  questions  and  move  on  to  the  third  one~an  overview 
statement.  Along  thrae  lines,  I would  say  that  we  all  came  down  here  with 
oertadn  feelings,  and  I've  heard  one  of  my  colleagues  make  the  statement,  even 
today,  that,  we  came  doMi  here  with  the  thou^ts  of  we  can  get  something  for 
free,  and  NABA  probably  had  the  thoughts,  we  can  get  something  for  almost  free, 
and  indeed  we've  been  making  our  wishes  known,  we  have  been  stating  what  seme 
of  our  (^ires  are,  vhat  the  needs  are  and  making  a distinction  between  those. 

X think  that  one  of  the  major  contributions  that  this  series  of 
meetings  has  given  to  each  one  of  us  is  the  opportunity  to  establish  and  renew 
aoqpudntea'Kses  that  we  have  not  had  the  opportunity  to  do  so  before  or  within 
the  relatively  recent  period  of  time.  This  Is  especially  true  for  me  v4iere  X 
find  myself  separated  by  geographic  distance  as  well  as  increasing  |^4K»ie-rate 
oc^ts.  Along  the  lines  of  sharing  our  own  experiences  with  other  people,  the 
problems  that  we  have  and  how  others  may  have  addressed  the  same  problem  and 
came  back  with  an  answer,  has  helped  me  to  grow,  has  broaderod  a pax^icular 
base  that  I have  to  rely  on  I interact  with  other  people  on  my  own  caitpus 
car  in  other  j^encies  with  vAiich  I'm  dealing.  I think  perhaps  this  is  one  of 
the  woet  critical  things,  that  it  does  give  us  a format  to  exchange  ideas,  and 
eadi  one  of  us  hais  been  v^ry  open  in  a lot  of  our  oennents. 
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At  tilt  vmk  p?ogrwMad|  dnttatd  of  jutt  • polita  i^J«  wh«t  you 
mat  actmam  tfie  flmt  aivaRtei  that  you  <mm  in,  it  it  now  you  ftti  VMcy 
tcm  whan  you  90  in  for  « ntal  and  you  om  f luotuata  mong  many  diffttimt 
tablat  whtn  you  tit  down.  The  oourtM  ocnvoraation  haw  rangod  anywhm 
fiTcm  n wry  dataiiad  ttuify  ot  mttaorolo^  down  to  a ditcuMion  of  Xiohant. 

Evan  at  one  point  in  the  wnlodiop  thie  Mining  we  ware  tort  of  charactarisiiig 
acme  of  ourtalVM  at  being  re-traadad  when  we  carat  down  here  becantfe  wa  had 
gone  through  a oertein  atgutnoa  of  ideaa  and  we  tuddanly  found  ouraelvat  tb^ 
teafeing  to  much  more. 

To  be  very  ^leeific  cn  a lot  of  the  ocemantt,  X he^  mSA  waa 
Uataning.  Me  made  aona  very  ^eclfic  tta^manta  at  to  fdmt  we  feel  we  need 
to  tgigrade,  iiqprow,  expand,  the  concept  of  eduei^to  relating  to  varioua 
a^ecta  of  remote  aanaing,  be  it  in  geology,  in  forawtry,  in  range,  in  Imd- 
use  mmagerant,  in  urbm  planning,  tha  «lK»le  aei^Mnoe.  We  taUeed  idbout  ap- 
plications oriaitation,  h%  other  words.  We've  aleo  taliced  about  technology 
dewelopment.  We  talked  abcKit  the  davalopent  of  new  seaieor  a^tmm  and  how 
them  it  a ^ between  «dien  those  tyttna  are  being  dtvalopad,  the  aapectatiora 
of  the  type  of  data  products  that  wa  are  going  to  ^ from  that  to  the  hands 
of  us  who  have  to  relate  thie  to  our  students,  who  have  to  interact  with  soma 
of  the  xmt  of  us.  I thiidc  that  this  iua  been  one  of  the  mmt  impor- 

tant suggMtkxM  that  «e  oould  have  made,  that  it,  he^  ut  in  tmm  of  the 
current  state-of-the-art,  in  terms  of  the  developmental  syatem  sensor  peckagM 
that  we  are  losing  at  in  the  futura. 

With  all  of  this,  I think  that  we  should  ke^p  in  mind,  we've  all  had 
acne  disappointments  that  have  come  out  of  this.  To  correct  those  dis^ppoint- 
nmts  tzsc  the  time  this  comes  saxund,  we  axm  obligated  to  mke  a 
definitive  statement  bb  to  i4iat  we  need,  vhat  we  Maait,  next  time.  Xn  terms  of 
a series  of  workshops,  I think  the  teat  ones  that  we've  had  have  been  in  terms 
of  the  diec^line-oriented  workshops  Whace  those  of  ua  have  oamcn  problone  car 
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points  we  can  dlKam  aaong  ouraelvKi  of  now  as^coactes  to  tilings  that 
pechaps  one  \s»  has  not  tried  but  others  have  had  esqperienoe  and  am  a rwult 
we  can  iiopjCDve  our  awn  M.th  this  «<e  can  lead  vnry  def^tlvely 

into  what  is  needed  to  pccvide  the  necessary  iitEoanation  for  tiie  effective 
dimensions  that  the  ocRinunity  colleges  %#ish  to  taka*  the  effective  dinens^xm 
as  far  as  four-year  schoole  are  oonoemed  on  undergraduate  education*  as  far  as 
graduate  education*  this  also  igiplies.  So  X think  that  the  ball  we've  «rried 
so  far*  we  ctn't  drop  at  this  point.  We're  going  to  have  to  oontiinia  on.  And 
I'll  guarantee  you  one  thing*  Robin  and  Chudc  and  all  the  others  we've  inter- 
acted %fith*  I'm  going  to  be  pestering  than  via  the  tdiat  is  it,  ISt  steep  now* 
via  the  phone  linn,  tdenever  I rvn  into  a particular  problem  that  I feel  that 
they  can  perhips  point  me  in  the  ri^t  direction.  I'm  going  to  be  adanant  about 
this*  and  I'll  probably  have  a very  good  reputation  of  being  a pest  before  this 
vihole  thing  is  over  vdth.  I don't  know  about  the  rest  of  you*  but  at  least  it 
has  opened  ip  a lot  of  new  dimensions  that  we  can  begin  to  try  and  if  we  do  it 
^ten  enou^,  we  will  probably  find  that  we're  going  to  be  heard,  and  heard 
fairly  clearly.  I don't  wish  to  really  siy  much  more  because  I think  you  have 
said  it  this  weedc.  I hope  others  have  been  listening.  Thank  you." 

JOSEPH  LINTZ,  University  of  Nevada  "Last  Saturday  and  Sunday  1 had 
two  very  delightful  days.  A neighbor  of  mine  has  a 26-foot  EriJcaon  aailboat  and 
he  asked  me  to  crew  for  him  on  the  boat  ao  we  went  up  to  Leke  Tahoe.  He  belongs 
to  the  Tahoe  Vadit  Club,  and  there  was  a gale  on  Saturday  that  was  blowing  tixsut 
50  miles  an  hour.  We  went  out  double  reefed  and  no  jib  and  for  acme  naaon  or 
anothmr  we  were  5 minute  late  crcmslng  the  starting  line  and  we  were  about  30 
mimtes  late  at  the  end.  The  next  day  the  wind  was  vuy  li^*  the  first  hour 
we  almost  drifted,  the  fleet  pretty  good,  about  40  boats,  I guess,  vid  it  was 
very  dull  fc»r  at  leut  the  first  40  minutes  of  the  rsoe  and  then  the  breeze 
freahmied  \jp  and  it  got  continually  strcxiger  thou^  it  nevmr  got  to  50,  so  wa 
did  not  reef.  We  played  with  a bunch  of  sails  and  the  tiiip  was  way  over  on  it's 
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•id*,  «id  suddmly  ha  yallad  at  m,  "Oat  on  ttw  %dndwaxd  aida,  gat  on  tiw 
win^Maid  aida,  your'ra  on  tMa  oraa  bacioiaa  of  your  %«i^!"  And  X lookad  at 
tha  othar  eraa  wiiaaia  Mho  Malf^  oonaidHrably  laaa  thm  I did  and  X aaid  it 
ma  vary  nioa  to  knew  why  X waa  baing  adead  to  aarva  on  tiiia  craw.  Nall,  when 
Robin  Mkad  na  to  apaak,  X looload  into  tha  Mirror  to  aaa  if  it  waa  ay  wai^it 
again  that  got  na  thia  anchocaan  alot  or  what,  md  it  tuma  out  it'a  parapactiva 
and  aaniority.  Mall,  you'ra  familiar  with  parapactiva.  You  had  it  wall-dafinad 
fay  Ida  Hooa  tiw  other  night  in  a vary  chanaing  md  entertaining  talk,  and  X wmt 
to  giva  you  aona  par^aactivaa  aa  wall  ^lat  X thiidc  fit  with  ^lia  oonfvmoa. 

Xhia  OOBSe*78,  X think,  haa  to  be  aguatad  with  aeaw  other  thin^ 
that  are  going  on  in  NkSk.  : thiirdc  that  tha  pluming  atagaa  toe  thia  m»t  have 
bean  acne  tine  laat  %dntar  parhapa,  and  it  takM  that  long  to  eat  aomathing  ^ 
Uka  thia.  But  ^La  that  ma  going  on  pluming  in  Maidiington  waa  going  on  in 
a totally  diftecant  aituation  ^t  definitely  ovwrlipa.  ihia  waa  rafurxad  to  on 
•QM  of  the  papers  TumwSny  uid  thia  is  the  Isetig?  progr»  coning  out  from  the 
tthite  tl'^uae.  Ihe  refuranoa  waa  made  to  thia  doemnt  vhidi  ia  just  off  the 
pren,  you  night  say,  iamiod  ky  Qovamor  Lanrn  and  his  task  force  of  Oolorado 
which  in  an  identification  of  Laondsat  utilization  by  variou  state  govarrmuits. 
ttmt  aau  the  first  part  of  the  mik,  and  I think  we've  gotten  away  from  it, 
was  a rather  strong  aqphasia  on  working  to  gat  Landaat  imagery  maea  tddely  luad 
at  tha  atats  and  local  govemmmt  agenciea,  so  X felt  X vaa  in  a classic  military 
pincers  movement  vdth  the  Xsetsp  data  coming  out  last  mek  via  Haohingtan  uid 
Dtriur  and  tha  pec|>la  tnat  ar*  going  to  have  to  do  tha  joh  to  intarfaoa  with 
tha  state  >)overmmta  fa<*4n>j  hare  and  that  ia  the  univeraitias. 

Nuu  there  haa  been  a diootony  here,  very  Piously,  bacauae  as  tha 
mak  has  gone  on  there  has  been  less  enphaais  on  the  a^met  of  getting  the  state 
govarmanta  involved  in  the  utilization  of  Landaat.  MS  do  have,  X think,  two 
ways  to  go  he»  ud  as  aducatore,  we  need  to  be  intareatad  ud  need  to  have  the 
availability  and  the  capability  of  perfuming  both.  And  X think  that  we  diould 
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be  lockkig  in  tttw,  thOM  of  ui  tiwt  «•  in  a poaition  to  do  ao«  in  Imolving 
atate  mA  loonl  gcwn— iiL  with  Lnteft  pcaalbilitiaa  mA  potmtials  t ) give 
itfiott  Bourwa  m madid.  Mn#  Z mooydrn  titat  tiMm  an  nany  praaant  who  wtm 
wtym.  in  ttiia  poaition,  bm  thoaa  aho  an,  Z titink  wiU  hava  to  tidea  tha  tim 
and  Z hapa  amt  to  tato  tba  tim  to  do  titia  baoauaa  it  ia  iaportmt. 

Miat't;  tiia  and  xwi  on  aU  thia?  Itw  and  i.dn  on  all  thia  baa  to  be 
Obngnaa  and  hm  to  be  oontinuad  aupport  for  landtoat  program,  haa  to  be  anil- 
ability  of  acnay,  oontinuing  availability  for  nonay.  Om  of  tiia  pointa  raiaed 
by  the  BtKtm  in  the  auvey  that  ia  docunantcid  hare  ia,  do  wa  have  a ccnwiiBont 
focB  IMh  that  tha  landbutt  aateUitaa  %iill  be  a continuing  thing.  Then  ia 
MOKty  ahathm  wa  ahould  crank  up  and  gat  involmd  in  hiring  a bundi  ot  people 
and  utiliaing  taaidaat  aa  fuUy  aa  we  night,  if  after  C or  D ^ progran  tmnln- 
mea,  and  that*a  a very  valid  point.  Z thiidc  that  NMSk  ia  in  the  prooeaa  erf 
aaking  a ocaadtmnt  to  the  etate  gevemnanta.  They*re  going  to  have  to  give  if 
tiiay  wont  to  aoe  Landaat  imgery  and  data  more  %ddely  vmd. 

The  other  aide  of  the  ooin  ia  that  noat  edf  ua  are  involved  in  univer- 
aity  teaching^  >nd  we  are  oonoetnad  in  either  the  junior  collage  level,  the  4- 
yeair  oollege  or  the  miveraity  level  with  putting  out  people  who  will  baoone 
profeaaicnala,  who  %#ill  be  perhapa  diaciplinary-oriented,  and  then  a nnall  group, 
one  or  two  achoole  wrill,  oi  oourae,  be  turning  out  Fh.D'a  in  ranote  aenaing. 
^waking  for  ny  own  achool,  Z have  no  deaire  to  get  into  that  bmineaa  but  re- 
aom  aeming  to  ne,  Landaat  and  other  thinga,  ia  another  tool  of  the  trade.  It 
ia  effective  mpping.  You  can  eee  more,  you  cm  get  Rore  irfomation,  and  it  ia 
ooet  effective.  So,  it  ia  coat  effectiv^ieie,  of  oourae,  that  ia  '/oing  to  be  aa 
acootadjnta  tmn  the  botttn  lim  and  I think  thia  ia  one  of  the  reaaons  we  have 
to  pay  ao  nuch  attention  to  what  we’re  doing  here  ia  that  them  tedwologiea 
appear  to  be  more  efficient.  Our  preliminary  csqperiance  baaed  on  ^ experience 
of  S or  6 years  sinoe  Latdaat-1  went  up  and  the  experience  tdth  airbeume  data, 
whetiiar  it  ba  infrared,  radar,  or  what  have  you,  tends  to  support  this.  So,  l 
tiviidc  that  ae  aAmtora  we  have  a multiplicity  and  soee  of  ua  are  going  to  be 
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good  «t  ont  thing  and  acM  of  ua  ara  gi^ng  to  ba  good  at  cthar  thing  and  ana 
«r  tm  an  going  to  go  ^f  and  do  aKtamin  aorta  d naaarch,  but  than  an 
planty  of  oigiort^tiaa  in  raaota  aaning  lor  all  ^ vm  to  partleipata  at  varioua 
lavala.  m idll  all,  of  oouraa,  ba  ticying  to  do  a quality  lob  at  ahatavar  laval 
Mt  aaa  aa  M appropriata  goal  for  our  oan  talanta  within  tha  liadtationa  of  tha 
achool  in  «hich  wa  work. 

A vary  atrong  point,  and  ftaila  haa  alnad^  tantionad  thia  and  Z tiiiidc 
Chuck  too,  I'n  going  to  put  it  in  ali^fitly  diffwant  tam,  ia  eeanunioation.  Z 
ttiink  tha  biggaat  gain  from  thia  oonf«anca  haa  baan  tha  avanuaa  of  ocnaunioation 
titat  havB  baan  opanad  hm.  Z titiiA,  Z'va  aanad,  and  Z aaid  it  avan  1^^aaday 
aftarnoon  having  arrivad  Tuaaday  aocning  and  Mlaaad  Monday,  Z faal  a aanao  of 
tKOBitm  in  the  participants  and  tha  paopla  113m  a^tolf  ^ ^ not  aasiat  in  tha 
putting  on  of  tha  oonfaranca  «id  the  pla.Aing  and  tha  aaccvniticn.  I do  faal  a 
aanae  of  wannHiaa.  1h«ca  is  an  anthuaiaam,  than  ia  an  intarMit  han  that  ia 
going  to  ba  carried  backi  Z Chudc  gave  ua  a vary  (Krcng  indintion  ot 
an  individual  that  has  baan  quite  turnad  on  by  thia.  Strong  oonunintion,  as  Z 
se*  It,  haa  takm  four  fons.  tai  heard  sons  good  PMpan  in  the  plenary  sessions 
cn  Monday  and  Tueadi^,  Z'n  sorry  Z adaaed  ttm  Monday  com,  but  than  wan  som 
quite  good  pagatra.  This  morning  Z heard,  Z ]««nm  a graduate  studant  aay  that 
ha  they  wen  foo  long,  that  that  (tfiould  have  baan  telaeooped  into  one  day, 

and  that's  a natt^  of  detail,  thet'a  aeoond  level  organization  aort  of  things. 

I was  pleased  that  the  working  groupe  wen  ■nail  enough  that  than  waa  full  inter* 
change  aaong  the  perticipents  and  that  we  also  had  interfaoa  tdth  paopla  frcn  Haaa 
and  the  pecple  from  Anas  wan  available  end  did  move  around  onong  the  groups. 

Z think  th're  wee  a vary  iiqxirtant  day  or  two,  the  Hadnssday  end 
Ihuraday  activities,  that  allowed  for  these  discussions.  Mi  had  a selection  which 
was  na^^lfioeit,  heaven,  you  ranertwr  aultiple-choioe  questions  when  you  wen  tab* 
ing  exane,  and  Z like  to  give  ay  atoidants  optional  questions  on  exam  ao  that  th^ 
have  a little  freedoa  to  Mxiw  o£t  %iiat  they  know.  So,  by  having  more  aessiom  titan 
we  can  go  to  m could  follow  up  our  own  inclination  vd  Z thiidc  this  ma  an  exoal* 
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Lent  i^peoadi  to  vatk  out  owear  tlis  informal  KASlons.  And  tim  still  mor« 
infomatl  md  also  refwed  to  ma  the  disamion  that  occusfed  at  the  meal 
end  I tiiihk  this  %ns  vesy  inpoctant. 

thisd  pdbit  of  ocransdoation  lies  in  the  future  and  that  is  the 
Brown  Wagpeac,  I think  the  dialogue  (or  the  nult^iogue  beccnise  it's  more  than 
two  o£  us  taUdng) , that  is  wt^i^ied  here  needs  to  be  perpetuated,  and  I think 
this  maaanttan  can  be  maintained.  It  has  been  ^nerated  here  and  it  can  be  main- 
tained and  I think  the  Brown  yirappea:  is  an  effective  medium  to  do  this.  However, 
the  OPONn  Mpappar  vdll  not  imiocseed  beame  Babin  Nelch  sits  doim  at  a typewriter 
onoe  a month  and  once  a qpiartex,  or  whatever,  mid  types  out  4,  2,  3,  20  pa^  of 
ii^ut  material.  It's  up  to  all  tis  to  give  ii^xit  to  the  Brotai  Wrapper  and  the 
Broun  Wcmpp^  will  sucxmed  only  to  the  ext3it  that  theme  of  m here  and  others 
that  we  tell  about  %dll  have  inteuesting  things  to  say  that  can  oome  in.  Now 
who  is  to  decide  what's  interesting?  1 have  a tatidaxy  to  say,  I mijoy  doing 
that  but  that's  a person  esqierienoe  and  I'm  not  going  to  share  it.  Ihat's  a 
stinking,  no  good  ert^titude  and  I'm  not  going  to  call  it  selfish — that's  a bad 
reflection  on  me— but  I think  sonebody  other  than  ycxi  should  make  the  t^scision 
as  to  »hat  you  have  done  is  woirthy  of  sharing,  in  other  words  a little  dajectivity. 
(khers  of  us  pexha^  are  quite  egotistical  in  eiverything  that  we  do.  Every  time 
we  take  a breath  it's  got  to  be  recxirded,  like  the  hen  that  lays  the  egg  and 
csnkl^  about  it  and  the  fish  that  lays  60  ndllicn  eggs  and  swims  away  silaitly. 

Lastly,  is  semething  that  perha^  is  not  gen^ailly  aware  h^e,  during 
the  wedc  Jasde  Estes  invited  me  to  beocme  a nembar  to  represent  Nevada  on  the  Bemote 
Sensing  Science  Goisicil  and  this  is  an  organizaticn  that  apparently  meets  twice  a 
year,  had  3 meetings  in  4 ni^ts  so  th^'ve  beat  very  busy  all  we  v amd  i 

sat  in  with  them  for  the  first  time  last  night  and  I’m  prcperly  irapre.  .aJ’  .ecause 
this  is  a steering  and  a guidamoe  gzotp  for  future  C30BSE  sessiois.  And  1 think 
that  the  Remote  Saising  Scimice  Council  with  Estes  in  the  chair  will  be  in  a 
position  to  be  ocncomed  about  the  pcoblans  that  all  of  us  ha\%  located  at,  give 
them  a definition,  wc»±  with  Robin  and  Chude  and  the  others  at  Ames,  and  I think 
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you  will  see  many  of  their  ii^ts  in  the  Brown  Wrapper.  I think  that's  going  to 
be  a good  source  of  infomatian  for  the  Btomi  yitapger.  it's  a fairly  well-struc- 
tured ccnmittee.  have  their  ocranittee  assignmaits  vdiere  3 or  4 people  serve 

on  eacii  ocniBittee.  it's  a ocranittee  with  one  r^esentative  per  state  or  perhc^ 
two  from  Calii^imia. 

Well  so  nuch  fisr  ocranunication.  Wie  identified  nultiple  problems  this 
we^  and  we  discussed  them  on  every  hand  and  proactically  fran  every  a^iect  and 
phase.  I don't  know  how  to  put  these  in  any  pric»rity,  but  one  of  the  problems 
that  we  id«\tif  ied  and  talked  abcxit  is  that  we  have  in  our  participants  an  ex- 
tremely diverse  group.  We  have  pecple  from  university  centers  tdiich  have  be^ 
perhaps  heavily  funded  on  rematch  grants  and  have  extoisive  eguipinait,  and  I 
think  I represait  a middle  group  v^cdi  has  beai  funded  and  has  a limited  amount 
of  equipment  and  there  are  the  schools  that  mi^t  consider  themselves  the  have 
nets  because  if  they  ocme  up  with  a stereosexpe  or  two  th^  prcbably  busted  the 
month's  equipment  funding. 

Many  came  locdcing  for  bucks  NASA  was  going  to  be  handing  out,  and  I 
think  that  was  errex^ous.  Paula  mentioned  that  we  came  to  this  ocxifererKoe  for 
many  different  reascxis  and  we  came  with  many  different  emoticx\s.  As  educators, 
we  sedt  to  give  our  students,  our  normal  students,  tte  people  vho  are  going  to 
be  active  tonorrow,  the  best  possible  course  that  we  can  and  again  I think  this 
d^iends  on  the  abiDS{4iere  and  the  envircaiment  of  the  school  that  we  ocme  frem.  I 
think  we  have  received  assurance  from  NASA  that  they  will  support  our  activities. 

I very  definitely  have  a feeling  that  we  will  have  suipport,  I have  been  assured 
of  seme  support  cxi  a limited  scepe  project  that  I expect  to  run  off  prcbably  in 
late  October,  or  early  November,  and  I've  been  assured,  yes,  we  will  do  this,  we 
think  this  is  great.  You  be  the  spear  point,  you  be  the  honcho,  you  get  the  vteels 
rollii^  and  we  will  be  there,  providing  you  keep  'os  informed  and  coordinated,  but 
I have  an  ored  oemnitment,  nothii^  in  writing,  that  they  are  interested  in  this. 

Support  may  ocme  not  in  the  form  of  expensive  analytical  apparatus  or 
cenputers  or  state-of-the-art  devices.  I don't  think  it  should  necessarily.  We're 
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not  edl  talking  here  itout  inu^igative  research.  We  axe  eilicating,  we  are 
training,  we  are  teacMng  and  you  can  illustrate  principles  wltii  less  than  tiie 
most  ^jensive  eguipnent.  Obviously,  scra^30%  can  oit  tte  lawn  %dth  a hisii 
sickle  or  a push  newer,  or  a powa:  mower— we  have  a taidency  to  always  want  tiie 
power  mower.  Z don't  want  to  ^3end  afternoon  with  a sickle  going  around  and 
cutting  it  tsy  hand  any  core  than  you  do  but  one  can  do  a credilde  job  with  a 
push  nowar  at  a motet  invesbneit.  Itmt  we'd  all  like  and  I think  one  of  the 
most  iiqportabt  things  that  we  would  like  to  get  su^¥<3rt  on  is  more  data. 

We  would  like  for  our  stutets  to  have  a big^r  lilnrary,  maybe  not 
teaching  aMs  but  we  need  more  IR,  we  need  ncre  Sli^  iitm^ry.  Wie  need  more 
Landsat  imagery  and  this  is  still  fairly  e:^)artsive  and  I would  think  from  the 
discussuns  that  we  can  get  cair  hands  cm  this  nBteriad  at  little  cost.  We  can 
beat  the  cost  of  the  EROS  center  fexr  escanple,  «tere  some  of  these  selected  scones 
can  be  lithographed  in  50  cn:  60  thousand  copies  and  the  cx>st  is  down  to  a nickel. 
Quality  isn't  the  same  as  a photographic  reprodiK^icm,  but  it's  good  enough  fcjr 
many  teaching  purposes.  Again,  if  you're  having  a hard  oc^Y,  photogr^hic  cxjpy, 
you're  talking  again  about  a pewer  lawrmower.  I?m  talking  about  a push  mower — 
we  can  mate  do.  Ihis  noming  in  the  Geology  sessiem  Flcyd  Sabins  shewed  us  multi- 
lithed  material  that  had  been  run  cm  a nultilith  with  a senreen,  and  for  preliminary, 
undergraduate  interpretaticxi  it  was  very,  very  good,  sane  of  it  wzjs  fir«,  other 
ocjpies  were  of  a little  less  quality — there  vas  variation  in  »hat  he  showed  us, 
hut  that  was  all  within  an  acxaptable  quality  range  fen:  teaching  purposes.  So  I 
think  we're  here  to  tell  NASA  that  this  is  cme  of  our  high  priorities  to  have  ac- 
cessibility and  to  telp  us  in  obtaining  some  of  this  material,  and  this  hy  NASA's 
standards,  is  not  particularly  esspensive,  pairticularly  if  they  to  lithogTs^ahy 
of  selec:ted  scenes. 

And  lastly,  I have  a tendency  to  feel  a little  bit  like  the  hemenree 
at  a Dean  Curtin  rcjaet,  I guess,  although  we  haven't  been  name-calling  or 
anything,  but  I really  would  pay  tribute  to  the  pec^le  vho  have  put  this 
cxanference  cm  for  vs,  and  I think  we  ewe  them  a big  debt.  I think 
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p^sonally  it  has  been  an  outstanding  conference.  Ihere  deviously  has  been 
a lot  of  thought  given  to  it  firam  titie  planning  point  of  view,  as  well  as  the 
inplwnentatlon.  I don't  think  that  you  could  have  chosen  a more  deli^it^ 
site  in  late  June  than  the  Stanford  campus.  The  Stanford  people  have  been, 
as  far  as  I can  see,  just  really  outstanding  in  assisting  Ames  personnel  in 
carrying  this  off.  Let  me  give  you  one  illustration.  This  morning  at  8:4G 
when  the  Geology  session  started,  the  chairman  said,  "Gee,  it  would  be  nice, 

I have  some  overhead  projector  things—there's  no  overhead  projector  in  the 
room."  ^ 8:50  there  was  a working  overhead  projector  in  the  room,  and  I 
just  think  that's  pretty  great  that  the  Stanford  audiovisual  people  have 
that  type  of  flexibility.  And  let  me  conpliment  the  Ames  people  too  because 
I don’ t think  on  Tuesday  morning  they  knew  that  Thursday  afternoon  we  were 
going  to  be  at  Ames.  That  tour  was  thrown  tx^ether  (the  word  vhen  I was  at 
tinned  Spacecraft  Center  in  the  60' s was  "clocked"  tx^ether)  in  a very  quick 
order.  Well,  you've  heard  trilnites  paid  to  the  txns:  and  I share  the  sentimait 
on  those  conments.  So  the  flexibility  that  was  showi  1 thiiik  we  have  to  pay 
tribute  to.  The  food  service  has  been  gocxl,  this  is  a beautiful  auditoriuoa, 
our  quarters  over  at  Tressider  Hall  were  adequate,  and  on  behalf  of  the  par- 
ticipants, if  I may  assume  a prerogative  here,  Robin,  Chick,  and  Dale  and 
otters,  we  thank  you  very  nuch  for  the  trouble  that  you've  gone  to  to  make  it 
possible  for  this  meeting.  We've  spoken  to  you  and  we've  listened  to  you  and 
I think  you've  achieved  your  objectives." 

BOB  OOmWELL:  Uhiversity  of  California,  Berkeley.  "We  can  safely  presune 
that  it  is  the  objective  of  virtually  everyone  here,  as  an  instructor  in 
remote  sensing,  to  give  the  best  possible  course  in  remote  sensing.  So  let  me 
quickly  hi^light  a few  of  the  things  that  I think  we  have  learned  here  with 
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reflect  to  eadi  of  senreral  ingredients  that  go  into  the  making  of  a good 
remote  sotsing  course  at  the  collie  car  '.mversity  level. 

First,  ue  need  to  consider  uhether  it  is  to  be  an  a{q>reciation-type 
course  in  tMch  the  pc^xilar  'gse-\4dz'  kind  of  ptt^sentatlon  may  be  apprcq>riate, 
or  whether  it  is  to  be  a basic  ranote  sax<^Ing  course  for  the  professionals,  or 
perhaps  a more  advanced  course.  Since  most  of  xis  are  teaching  a basic  course 
for  professionals,  I will  restrict  ny  coninents  to  the  teachLig  of  rtat  type 
of  ourse. 

Obviously  the  first  ingredient  is  the  instructor.  We've  agi'eed  here  this 

we^,  I thiidc,  that  the  instructor  most  be  neither  ignorant  nor  apathetic  (to 

refer  once  more  to  the  story  I told  ac  our  evening  session) , but  in  addition 

it  is  probable  that  many  of  us  suffer  fron  never  having  been  given  any  foitoal 

instructicsi,  ourselves,  in  how  to  teach.  This  has  alvp^ays  ispressed  me  as  being 

rather  peculiar.  For  a perscxi  to  be  ccxisidered  qualified  to  teach  in  an  elemai- 

tary  school  or  a high  school,  he  first  must  have  takei  several  edittaticm  courses, 

i.e.,  ccAjrses  in  hw  to  teach.  But  because  the  typical  university-  or  college- 

level  instructor  holds  a Fh.D.  degree,  or  some  other  kind  of  advanced  degree, 

it  is  usually  presuned  that  he  knows  hcjw  to  teach,  and  how  to  do  so  effectively. 

Ihis  may  not  be  true  in  each  of  several  aspects  of  teaching.  For  exanple,  do 

you  and  I as  instructors  know  how  to  perform  properly  seme  of  the  most  nundane 

tasks  that  govern  an  instructor's  effectiveness?  Do  v«  know  hew  to  write  on  a 

bladd»aKi  without  the  chalk  squeeking,  or  how  to  get  C3ut  of  the  way  so  that  a 

student  can  see  what  we  have  written?  Or  do  we  realize  the  inportance  of  taking 

a moment  to  look  at  what  we  have  written  before  erasing  it,  to  be  sure  we  have 

made  no  mlstate.';?  Do  we  know  hew  to  give  fair  and  suitably  conprehensive  exams, 

or  how  to  respaid  to  legir.iinate  ejuestiens  from  students?  Perhaps  so,  and  perhaps 

not.  I submit  that  most  of  us  here  have  never  been  told  how  to  perform  these 

fundamental  tasks  of  teaching,  and  I am  happy  about  the  interchange  we  have  had 
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^ils  WMd:  in  our  v^Ious  Horksht^  sessions  relative  to  most  of  these  topics 
that  bear  on  our  effectiveness  as  instructors. 

How  d^t  the  te»aiii«  assistant?  We've  had  little  tallc  ^xjut  Mn  here,  at 
least  in  the  Wbckshop  sessions  diat  I have  attended.  Therefore,  let  me  ecofA^- 
siee  that  it  cm  be  sd^ty  iipportant  that  the  teaching  assistant  be  gi^«^  a high 
d^ree  of  credibility  in  the  eyes  of  the  8tudents<‘-and  the  earlior  in  the  course 
that  we,  as  instructors  can  help  acccB|)llsh  this,  the  better.  We  automatically 
use  a teachix^  assistmt  for  most  of  the  routine  tasks.  For  exaople,  we 
him  to  hand  out  the  i4x>tc»,  and  the  instruction  sheets,  and  the  pencils;  we  have 
him  make  sure  that  students  sign  for  stereoscopes  hy  the  taniiers,  etc. 

But  surely  we  can  and  should  do  more  to  establish  the  teaching  assistant,  in  the 
eyes  of  the  students,  as  a valuable  and  k»]wle(%^ible  xescRsccs.  I tell  1^ 
teaching  assistant  a week  or  two  before  the  course  if  tK>t  earlier:  *1  wmld 

like  for  you  to  give  one  of  the  class  lectures,  seme  time  durir^  the  first  two 
w^cs  of  the  course,  on  aiy  remote  sensing-related  topic  of  your  chsosing.' 
Invariably,  the  teaching  assistant  does  a good  job,  in  tny  experience,  and  therely 
does  much  to  establish  a high  degree  of  credibility— something  ^Mch  can  go  a 
long  w^  tnwarci  making  a successful  course. 

We  ha\^  haul  maiy  comments  here  at  (XiSE-78  abcut  the  inportance  of  photo- 
graphs and  other  forms  of  imafcery  as  factors  in  the  offering  of  a remote  sensing 
course.  I personally  favor  the  use  of  mly  a limited  nunber  of  photos,  selected 
in  such  a way  that  virtually  all  of  tte  laboratory  exercises  cm  be  performed 
on  this  one  set  of  photes.  In  this  way,  the  instructor  can  keep  the  class 
tc^ther,  OEking  sure  that  ev^ybo^  is  doing  t!^  sane  phases  of  ti%  laboratory 
problem  at  the  same  time,  and  doing  them  correctly.  Then  later,  this  use  of  a 
limited  nudjer  of  photos  facilitates  the  giving  of  an  accurate  "school  solution" 
CO  eadi  phase  of  the  work.  Still  later,  at  the  end  of  the  course,  it  may  be 

feasible  from  the  flnaidal  standpoint,  to  allow  each  student  to  retain  this 
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snail  set  of  fdvstxis,  fen:  further  reference  t^ien  he  gets  out  in  the  real  world. 

In  a basic  remote  sensing  course  for  pro&ssionals,  such  as  we  are  attenptii^ 
t»  deal  with  in  this  discussion,  it  also  is  iiqportant,  of  course,  to  expose  the 
students  to  neny  other  imagery  exao^les.  For  exaople,  It  Is  highly  desirable, 
early  in  the  course,  to  show  lantern  slide  exsi|>les  both  of  areas  where  the 
students  know  what  the  situation  is.  hopefully  because  of  previous  e>q)erlence  in 
the  area,  and  also  of  other  areas— with  a view  to  broadening  their  horizons. 

How  about  the  textbodc?  As  with  the  teaching  assistant,  it  is  important 
to  give  the  textbodic  a high  degree  of  credibility  in  the  eyes  of  the  students. 

As  the  instructor  you  might  be  well  advised  to  tell  the  students  early  in  the 
course  that  you  consider  the  textbook  that  is  being  used  in  the  course  is  of 
high  quality  (if  iitdeed  it  is)  and  that  you  wont  each  student  to  study  carefully 
all  of  its  image  exanples,  as  well  as  Its  textual  material.  You  nd^t  further 
tell  them  that  you  do  not  intend  to  lecture  at  any  great  length  about  the  various 
topics  that  are  covered  in  the  textbo(^.  and  that  instead  you  will  be  discussing 
other  remote  sensing  topics  that  are  complementary  to  material  covered  in  the 
textbook. 

Thai  idiat  should  the  instructor  cover  in  the  lecture  sessions?  Part  of  the 
answer  is  provided  if  you  agree  with  me  that  it  is  desirable  to  give  the  students 
the  maxirun  amount  of  time  in  the  laboratory  to  work  with  remote  sensing  imagery, 
Instead  of  hearing  lectures  during  laboratory  periods  about  that  imagary. 
Therefore,  instead  of  your  taking  the  first  hour  or  so  in  each  laboratory  to 
lecture  on  how  the  students  are  to  do  the  laboratoiry  problem,  you  might  cover  that 
material  in  the  lecture  hour  that  Inraediately  precedes  the  laboratory  period. 

The  use  of  guest  lecturers  is  an  opportunity  that  none  of  x<j>  should  miss  ■,  it  is 
truly  refreshing  from  the  student's  stanc^int  and  can  be  reassuring  to  hear  some 
"outlander"  speaking  the  same  language  as  the  regular  instructor  has  been 
speaking  i his  lectures. 
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Nhat  Is  the  apprqarlate  workload  for  students,  as  imposed  by  a course  in 
renote  sensli^?  Vis  all  know  diat  each  unit  of  credit  should  represoit  an  average 
of  t±ree  hours  of  work  pn:  we^  throug^iout  the  course.  vAiether  this  results  frcn 
one  hour  of  lecture  plus  two  hours  of  related  preparation,  per  unit,  or  one 
three-hour  lab  per  unit.  If  we,  as  instructors,  are  not  care&l,  our  students 
nay  find  that  they  do  not  need  to  put  in  this  anount  of  tine— as  indeed  they 
should.  One  flagrant  and  hopefully  atypical  example  of  too  nuch  pemlssiveness 
on  the  part  of  instructors  resulting  in  the  naking  of  a sham  of  course  work  and 
the  associated  units  of  credit,  occurred  at  the  Berkeley  campus  of  the  Ikiiverslty 
of  California  during  the  decade  of  the  dissidents  (the  *60's).  Aco>rding  to 
official  reports,  there  were  natty  students  during  that  tine  \ho  received  35  to 
40  vnits  of  credit  in  a single  quarrer,  one  way  or  miother— and  cm  student  got 
an  unbelievable  55  units  of  credit  at  that  (xtce  elite  educational  institution 
during  this  "anything  goes"  period! 

Now  as  for  the  equliinent  that's  ne&ied,  we  have  indicated  that  we  surely 
could  do  better  with  more  equipment,  and  indeed  we  could.  But  be  mindful  also 
that  many  of  these  trainees  of  yours  are  going  to  go  out  there  to  the  ranger's 
shack  or  the  forward  area,  one  place  or  another,  vhere  about  all  they  could  take 
with  them  at^way  is  a pocket  stereoscope,  the  photos,  a pencil  and  maybe  some 
kind  of  a little  measuring  device  and  some  acetate  overlays.  So  don't  presume 
that  the  time  is  wasted  if  they  have  for  use  in  this  basic  course  fairly  limited 
equipment  as  long  as  cm  way  or  another  they  get  mqosed  later  on  to  the  other 
kinds  of  devices,  either  by  demonstration,  field  trips,  or  vhatever.  The  field 
trips  thenselves,  if  feasible,  certainly  are  a strong  plus  especially  after  the 
students  have  puzzled  over  vhat  the  attributes  of  an  area  might  be  as  seen  on 
the  imagery  and  then  get  into  the  field  with  imagery  in  hand  and  find  out  for 
sure  \d)ether  they  were  right  or  wrong  about  It. 
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I thizdc  I would  be  nmlss  if  I didn't  laentlon  sanething  about  examinations, 
end  here  forgive  me  for  imposing  hqt  oun  particular  idea.  I spend  approximetely 
two  hours  each  time  I develc^  a ane«hour  exam.  I also  atteipt  to  give  a good 
overview,  duriz^  a lecture  period  immediately  prior  to  the  exam,  of  ydhat  I 
think  were  dw  mcMt  iofiortant  things  covered  in  the  course  since  the  last  previous 
exam,  including  seme  of  the  critical  technical  points  so  that  almost  never  do 
I have  a student  coming  vp  \dien  the  exam  Is  given  to  find  out  what  kind  of  a trldt 
question  this  wes.  He  usually  has  been  exposed  to  \diat  I thought  was  important 
and  I thizik  he's  antltled  to  that.  I personally  always  have,  and  always  will, 
grade  every  question  on  every  exam  that  I ever  ^ve.  Now  maybe  this  Is  \diere 
I'm  cutting  the  lA  out  of  some  fun,  but  1 reserve  that  for  myself,  and  I 
thoroughly  enjoy,  time-censuming  though  it  is,  grading  own  exams.  It's  one 
of  the  better  ways  to  fizid  out  ^ther  I'm  gettizig  the  point  across.  If  one  or 
two  stxidents  miss  a question,  then  shame  on  them— but  if  everybody  misses  It, 
shame  on  me.  And  I told  ray  students  as  recently  2is  about  three  weeks  ago.  If 
you  think  that  was  a lousy  job  of  presentizig  that  material  as  evidenced  by  the 
fact  that  nxie  of  you  got  the  answer,  just  thizdc  vhat  a lousy  job  I oust  have 
dene  30  or  40  years  ago  vhen  I was  first  teaching  this  stuff,  and  vhat  I nust 
have  learned  in  the  meantime  throu^  the  gradizig  of  exams.  I also  tell  them 
perhaps  there  is  greater  justice  if  the  instructor  greles  these  exams,  because 
he  is  the  guy  \ho  gave  you  the  information  in  the  first  place,  and  he  can  best 
exercise  all  the  checks  and  balances,  to  give  you  the  best  justice  he  can.  I 
also  tell  them  that  if  they  still  fizxl  some  injustices,  to  relax.  After  all, 
as  izistructors , we're  trying  to  train  you  for  real  life,  and  you  probably  won't 
get  as  fair  a shake  in  the  future  as  you  got  in  this  particular  case.  So,  I 
thizik  these  exams  are  exceedingly  inportant. 

I thizik  that  we  also  need  to  consider  vhether  teachizig  can  be  augmented 
with  research  work  that  is  going  on.  Can  we  put  these  students  on  the  payroll? 

In  this  way  our  research  work  can  fill  in  some  big  gaps. 
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And  finally,  vihat  I tell  in^  students  as  we  conclude  a course  is,  if  1 
don’t  hew  from  you  people  in  the  next  few  years,  I will  prestine  tld.s  course  has 
beat  a failure,  at  least  from  your  stanc^wint.  I that  as  you  get  out  there 
in  the  field  you'll  recogpLze  there's  a lot  of  things  we  should  have  covered 
and  didn't,  and  you  presune  that  maybe  I either  kcKx;  how  to  covo:  a tecdrnical 
point  or  can  find  somebody  that  doea  know  how,  at  which  point  you  should  get  in 
touch  with  me,  and  if  dils  means  that  you  come  down  here  and  use  our  equipment 
or  we  work  with  you  a bit  to  solve  a problem  or  use  the  reference 
materials  or  whatever,  find— this  is  the  program  at  its  best.  Another  opportunity 
that  is  related  to  studoit  development  is  in  the  placemoit  of  these  individuals 
in  ozraer  Jchs  and  in  Jobs  following  graduation.  To  help  than  in  this  regard, 
it's  quite  important,  I think,  for  each  of  us  as  instructors  to  \fsxM  as  best 
we  can,  not  just  vhat  the  grades  were  of  these  students,  but  also  some  of  their 
other  attributes.  Can  you  evaluate  the  ihole  man? 

The  last  point  1 would  mention  is  with  reference  to  eqtiipment  because  I 
believe  that  there  is  one  item  ^hich  ia  iK>t  too  expensive  but  highly  important 
and  I take  the  tribute  here  from  Ellis  Babin  vhn  is  the  only  photo  interpreter  I 
know  \ho  also  has  his  Ph.D.  in  optometry,  so  he  knovm  all  about  vision.  He  says 
the  biggest  deficiency  is  in  lighting.  You  may  have  images  taken  with  wonderful 
devices,  and  ^ also  may  have  pretty  good  stereoscopes  to  look  at  them  with. 

But  now  you  get  down  and  obscure  the  light  with  your  head  as  look  tdarough 
the  stereoscope.  If  you  have  nothing  more  than  a gooseneck  laip  to  improve  the 
lighting,  this  would  help  quite  a bit.  He  can  tell  you  that  the  diameter  of 
the  pupil  of  the  eye  should  be  roughly  4-nm  idien  you  have  maxisun  visual  acuity, 
and  he  certainly  has  convinced  me  that  1 can  see  a lot  more  with  optimin 
lighting  than  otherwise. 

This  leads  then  to  the  final  little  story  I would  tell  vdiich  I hi^  you 
conaiiter  apropos  hare.  It  all  relates  to  lighting.  It  seen®  that  It  vas  pro- 
posed in  die  local  church  that  a chandelier  be  bought  for  the  durch.  Well, 
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this  %«f  « tnftttar  of  mifficimt:  nomine  that  « fpocUl  OMting  m$  caUad  dE 
rhe  aeMion,  or  ywemlng  board  of  ehi  church,  throughout  dw  dlacuulan  mme 
of  the  Msaion  seoed  t»  be  much  in  favenr  of  this  purchaae.  Vb  pm- 

viouily  uere  calMng  about  chla  natter  of  ignmanea  and  ao  thia  epijode 

mvea  to  lllmtmce  the  poixd;.  It  happens  that  the  clerk  o£  the  seaalon  t«s 
the  prlaary  one  speaking  out  i^ainst  the  preqxned  purchsM  of  a dwideUe:, 
and  very  vlgoromly  so;  henen.  he  couldn'c  be  considered  i^thetlc;  but  was  he 
loowledgeable?  By  the  tine  the  session's  meeting  had  adjourned,  two  hours  later, 
a division  still  hadn't  been  arrived  at,  prioBrily  because  t!M  clerk  of  the 
session  had  been  speaking  up  in  so  much  opposition.  Themjpon  cne  of  the 
dlstxBu^t  mentors  of  the  session  went  to  hin  and  said,  'Clerk,  I would  liks  for 
you  to  tell  me  straight:  out,  one»  anl  for  all,  cdiy  you  are  so  ur»lto»bly 
opposed  to  our  buying  a chandelier  for  this  church. ' The  clodc  thought:  it  over 
a bit  and  then  said,  'Well,  there  really  are  three  reasons.  In  the  first 
plac»,  as  you  know,  I have  to  take  the  mimtes  of  this  meeting  and  I don't  know 
how  to  spell  diandelier>-in  the  swond  pl^,  I'm  virtually  certain  that  even 
if  we  went  ahead  and  bought  one  we  couldn' t find  anyone  in  the  coi^tgation  ^dho 
ojuld  pliy  it;  and  in  the  thbrd  place,  'chat  this  durch  neec^  more  than  ar^rthlng 
else  is  better  oveihecui  lightii^. 

Now,  I think  that  that  relates  somethat  to  how  nuch  %iorance  or  apathy  an 
instructor  mey  teii%  to  his  course  wcnrlc.  But  does  it  apply  to  us?  If  Joe  LLntz 
hadn't  dona  it,  I certainly  would  have  to  praise  the  cpiality  of  both  the  pts^m 
and  the  participants  at  this  five-day  conference.  Like  Jc«,  I am  onong  those 
that  ato  ludi  impressed  by  the  cfuality  of  the  experience  we've  had  here  and  1 
shnre  hia  enthusiaam  for  the  kudos  that  have  beat  given  to  Rd)in  Melch  and  his 
associates  for  the  conduct  of  tMs  meeting.  'Thank  you  very  much." 
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Wa^RDi.  RIH).  ttdvurilcy  of  Utah;  *'l  chii^  tcra^ine  ou^t  t»  qwak  «• 

«n  unsoUcl(»di  rttponteit.  X'll  tMt  very  brief,  fhere’s  be«  e loc  of 
talk  here  tMa  mtk  and  1,  for  one,  have  benefited  midi  fron  it  and  1 thlxdc  m 
all  have.  There  have  ban  aome  pluaea  and  aone  minuaea,  acne  »ggetmtiaa», 
warn  con^ma  and  aoma  narae-calUng,  end  all  kin^  of  thii^  goli%  on  here, 
and  I think  It's  ell  been  healthy.  I'd  like  to  m^mrlae  ay  feellz^,  and  1 
think  this  may  sumarize  the  feelings  of  a good  mai^  pc<^le  I've  talked  to  by 
the  folloidi^.  VKLth  all  that  m might  like  to  think,  the  VltAP  Pr<^;tam  dues  have 
a diarter,  but  It  does  also  have  acne  liMtatlona.  Ub'd  like  to  think  that  it 
hasn't  mty  unliinlted  fund  ««d  an  mlimited  odsalon,  but  the  fact  la.  it  does, 
and  chat  vata  very  well  ciq^ressed  by  Vlayne  'boneyhan  this  morning  in  our  session 
and  has  been  ocher  pet^le  alx^  the  way.  On  the  other  hand,  m as  educatcara 
do  have  <m  needs.  Now,  if  the  HASAAC^  objectives  and  mission  don't  very 
veil  match  our  particular  needs , we  can  hardly  hold  NASA  and  VStAP  responsible 
for  chat.  However,  I do  ddnk  there  are  a oxiple  of  thii^  chat  we  do  have  a 
right  to  eqiect,  mid  I Just  pass  this  m for  what  it's  worth.  1 believe  we  do 
have  a right  to  expect  as  educators  interested  in  remote  sensing,  interested  in 
NASA,  interest  in  promoting  the  8tate*of-the>art  and  scleice,  we  do  have  a 
ri^.  1 think,  to  ecp«ct  two  things.  One  of  them  is  a matter  of  conClming 
coBBuiicacion  for  which  this  pttrticular  session  has  hem  most  valuable  and 
sCiiiulacing.  The  second  th^  I think  we  have  a rl^t  Co  expect  ea  educators 
interested  in  theme  things  is  a right  to  expect  that  vhen  NASA  and  ISAF  and  its 
ngsneias  or  azms  move  into  a state  in  a local  area  to  transfer  cechnok^,  iMch 
is  their  mission  es  well  plained  by  Uayne  mid  by  the  other  representatives 
of  the  VRAP  pre^mn,  chat  we  have  the  right  to  expect  that  they  will  stimulate, 
that  they  id.ll  «»ouri^  that  local  ag«icy->scate,  federal,  local,  ihatever— 
to  be  awere  of  and  interested  in  solicith^  the  si^^xxrt  of  the  local  laiii^sicy 
CO  build  up  tfmt  university  and  to  suggest  that  there  be  a close  interaction  and 
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tit  bttNMn  tht  tMD  to  tiMt  N^'t  becooet  stroc^er  reason  of  that 
taaociation  nith  the  ^xal  univtral^.  Now,  diere'e  a thi^  tMng  that  I'd  like 
CO  tddid(  that  m htd  the  ri|^t  to  es^ect,  but  I think  all  we  can  do  ia  b^  fcm 
the  UtAP  or  from  NASA  through  some  inatrtmentacion,  and  that  la  an  i^ees 

to  aids,  teachii^  aide  of  varioua  aorta,  ^ch  has  bMn  dlscusaed  mar^.  many 
tinea  today.  I don't  believe  we  have  n^easarily  a ri^t  to  exp^t  that;  1 
do  believe,  hcMever,  that  it's  such  an  overtiming  undaxurrant  of  conotim  and 
desire  on  the  part  ttf  all  the  people  tc  I've  talked  to  here,  and  it's  come 
out  of  every  session  I've  seen  that  It  certainly  would  be  a very  welcomed  kind 
of  activity  however  liMt«i  tliat  might  necessarily  be  fac  NASA  and  litAP  to 
promote  to  assist  dsMe  local  schools  with  the  better  teadiing  of  their  programs. 
On  the  other  hand,  we  as  educators  have  one  responsibility,  and  that  is  to  be 
first-race  teadiers  and  first-rate  researchers  a»i  to  work  in  our  own  way  with 
local  agendas  in  ^ betc&mmnc  of  our  studmits  and  the  local  agencies,  and 
NASA  can  b^ome  a very  insmiomital  part  of  that.  I'm  almost  wound  down.  Ihe 
last  chii^  I'd  like  to  s^  is  that  I see  this  thing  very  definitely  as  a tri- 
az^le  on  thich  we  have  NASA/URAP  at  this  end,  we  have  a state  a^ncy  or  local 
agency  at  that  end,  and  out  here  on  another  apec  in  the  triangle  is  the  miversity. 
I'd  like  to  see  a total  cooperative  effort  between  all  thr^  of  those  mite, 
and  I NASA  can  help  to  promote  that.  I think  the  Remote  Sensing  Science 
Cornell  is  set  up  to  accomplish  that— I'd  like  to  thii^  that  chat  is  our  mission. 
As  a n»d)er  of  Chat  Cotsxil,  I would  like  to  promote  chat  and  nee  to  it  that  Ch? 
local  miverity  is  definitely  on  that  pipeline,  chat  it's  not  Just  NASA  at  this 
end  and  the  a^ncy  at  ^t  end.  I'm  siarc  that  that  is  the  obJecci^x  of  the 
VRAP  people,  but  sometimes  I think  it  can  be  lost  sight  of,  so  I would  sisply 
leave  chat  u a final  note  d encouragement  along  with  the  word  'cooperation.' 

I cliiidi  that's  vhat  it  all  boils  down  to,  and  I'd  like  to  extend  a vote  of  chmto 
to  Robin  perMnally  vho  has  done  a fantastic  job  of  putting  this  pro^m  tog/tther 
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i^ot^  iddi  thB  •ix'  of  nny,  nmy  poopl*.  nMably  Jade  Eicm  and  Dala  UmA  and 
acna  othara  that  I'n  pcobably  vot  mtm  musf  of,  bi^  1 think  thay'va  dona  « 
gnMt  Job  and  X*d  Ilka  to  hava  axtand  a vota  of  graat  thadca  to  Robin  for 
a trananrtma  Job  i«ll  dona.'* 

KBIN  WELCH.  Chattnan.  OORSE-78;  "Thank  you  ladlM  and  gantlaam.  Ui 
didn’t  organlza  thia  avant  alona,  aa  Z aaid  on  tha  flrat  day.  Ui  can  all  taka 
credit  for  diia  Gonfatanca  beemaa  aa  m bag«t  to  talk  to  varioi»  hndlviduala 
it  spp%$rtd  to  ba  an  idea  whoaa  tim  had  oooa.  A ganaral  counant  aaemad  to  ba, 
'Uhy  haven't  ue  done  thla  aouner,  lat'a  do  It  I'  I think  via  owa  a graat  vote  of 
thmka  to  Stanford  Univaralty.  Dr.  Ridt  ia  our  hoat  for  thla  weak,  and  I 
wKit  to  thank  hia  and  all  of  hla  ataff,  and  all  of  the  people  hare  at  the 
Uhlvarslty  who  made  it  a vary  enjoyable  weak.  The  food  waa  graat,  acconnoda- 
tiona  were  good,  better  meeting  facilitiea  we  could)' t aak  £at.  Ray  McKee  haa 
bean  in  our  aound  and  proj^tion  rocm  in  Am  bi^— he  la  a Stanford  midioviaual 
^sMialiat— and  aelden  have  I aaan  wyona  that  ia  aa  graat  a profaaaicnal  at 
hla  Je^  aa  he  ia.  I'd  like  to  extend  thsdea  to  R^  for  being  on  the  apot 
with  aotae  cemplex  equipment  that  didn't  break  down,  it  didn't  aquaal  back  at  ua— 
everythij^  worked.  Ibaaaiated,  he  aet  up  all  thMe  t^laa  for  diia  tnoming'a 
aaaalon.  It  was  an  excellent  effort.  Thaik  you  very  cud),  Ray.  Ua  wiah  alao 
to  express  our  thanka  to  certain  people  at  km»  who  on  very  ^»  t notice  arrar^ed 
for  the  bua  trip  to  ^s;  namely.  Mike  Denahoe  and  Garth  Hull,  who  arranged  to 
have  the  bua  available.  And.  of  course,  we  wiah  to  thank  Dele  LuDl  iho  made 
thia  Conference  possible  throu^  some  very  helpful  people  in  his  Branch. 

In  reality,  this  ia  the  first  tine  that  we've  really  bean  together  with 
education  as  our  primary  Interest,  not  here  to  learn  idwut  the  good  things  that 
rvaote  sensing  will  do  for  us,  but  find  cut  about  educational  probUns. 

I thiidi  in  my  future  CORSE  meetir^  we  will  perhaps  contixue  the  ane  general 
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thane  except  we'll  expand  It  a bit  and  terixig  in  some  users  who  can  give  us  their 
viewpoint  on  remote  sensing  teaching  aixi  ai^llcations,  and  s^xxvily,  we  should 
have  some  training  involved  with  the  oonforence—perhaps  part  of  the  sessions 
could  be  devTited  to  some  of  the  new  remote  sensing  systans  that  you  haven't 
had  an  o^^tunity  to  learn  about  else»d:»ere. 

I think  one  of  the  great  benefits  from  this  Conference  is  that  you're  not 
going  to  be  afraid  new  to  pick  up  the  telephone  and  call  another  in  your  own 
university,  your  own  str^te,  or  across  the  region,  and  a^  for  help  or  perhq)s 
ielp  them  solve  a probi  :,-.i  Chev  have  enoouitered.  lhat  is  something  that  is 
priceless,  as  far  as  I'm  concerned,  and  1 think  that  from  this  week  we're  going 
to  grow  from  this  experle:x:e.  We  hope  to  have  c other  conference  within  a year 
or  two. 

I want  to  express  heartfelt  thanks  to  you  pecple  for  the  nights  you 
worked,  the  days  you  worked,  and  the  way  you  shared  concerns  and  sentiments  with  us. 
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TO:  NASA  - Attn:  Robin  Welch,  CORSE  78  Coordinator 

FRItt  J.  E.  Colcord,  University  of  Washington 

DATE;  27  June  1978 

RE:  NASA's  Function  In  Education 


True  education  Is  a time-based  learning  experience  of  quality  not  quanitity  that 
requires  background  fundamentals  as  a starting  point.  For  remote  sensing,  I 
believe  these  to  be  mathematics,  physics  and  some  other  relevant  scientific 
discipline.  Instant  "experts"  via  a short-course  (a  band-aid)  do  not  make  a 
real  discipline. 

Thus,  to  help  In  education  NASA  could;  for  the  Professional 

1.  Arrange,  thru  a qualified  University  for  a 6-8  wk.  Fundamental  Remote 
Sensing  Course  for  about  25  faculty,  with  a stipend  and  minimum  expense 
allowance.  TWis  wuld  be  given  at  various  university  sites. 

2.  Award  NASA  Science  Faculty  Fellowships  In  Remote  Sensing  for  faculty  to 
attend  (3-9  mo.)  at  a qualified  University  of  their  choice. 

3.  Award  NASA  Graduate  Student  Fellowships  for  a year's  study  (at  the  school 
of  their  choice  but  not  more  than  approx.  4 to  any  one  school  In  a 
region). 

4.  Provide  hands-on  training  experience  for  qualified  faculty/ students  at 
operational  centers  for  periods  of  about  2 weeks. 

Resolution: 

Whereas  the  faculty  are  concerned  with  education  of  remote  sensing  professionals, 

we  recommend  that  NASA  strongly  support  the  following: 

1.  NASA  Faculty  R/S  Fundamentals  Institutes  at  schools  with  major  R/S 
teaching  efforts  for  6 weeks  duration. 

2.  NASA  Science  Faculty  Fellowships  at  major  R/S  schools  throughout  the 
nation— based  on  competitive  admission— for  3-9  months  duration. 

3.  NASA  Graduate  Student  Fellowships. 

4.  NASA-sponsored  hands-on  work  internships  on  advanced  state-of-the-art  for 
qualified  faculty  and  graduate  students. 

For  technicians,  we  recommend  a sponsorship  of  state-of-the-art  short  courses 

for  2 to  4 weeks  duration. 


/s/  Robert  J.  Schultz 
G.  T.  Benson 
C.  L.  Smith 
Bert  L.  Conrey 
Charles  E.  Glass 
Joseph  Lintz,  Jr. 
Cheryl  Jaworowski 


Kenneth  Kolm 
Moyle  0.  Stewart 
Ernest  Rich 

J.  Smith 

D.  C.  Walklet 

K.  Jeyapalan 
C.  Rosenfeld 


616 


617 


The  following  list  of  remote  sensing  courses  currently  being  taught  In  colleges 
and  universities  In  the  WRAP  area  was  prepared  from  responses  to  questionnaires 
submitted  by  attendees  at  CORSE-78  and  Is  limited  only  to  Information  tabulated 
from  those  responses. 
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State 

ALASKA 


ARIZONA 


*P  ■ Renote 
S Beaote 


College  or 
University 
Reporting 

University  of 

Alaska 


Responses  to  Faculty  Training  Questionnaire 
Currently  Being  Taught  In  WRAP  States 


Courses  Being  Taught  and  Units 
Undergradua^ 

GEOS  408  (P)*-  Map  & Mr  Photo  Inter- 
pretation (2) 

GEOS  422  (P)  - Geoscience  Applica- 
tions of  Renote  Sensing  O) 

GEOL  493  (P)  - Renote  Sensing  (3) 

GEOS  304  (S)  - Geonorphology  (3) 

GEOS  314  (S)  - Structural 
Geology  (3) 

GEOS  362  (S)  - Engineering 
Geology  (3) 

BIOL  239  (S)  - Plant  Fom  and 
Function  (4) 

ALR  693  (P>  - Natural  Resource 
Applications  of  Renote 
Sensing  (3) 


University  of 
Arisons 


Agriculture  253  (P)  (Open  to 
graduate  students  also)  - 
ReiTOte  Sensing  In  Agriculture 
(3) 


Optical  Sclences/Systcns 
Engineering  236  (P)  - 
Digital  Inage  Processing 
Laboratory  (3) 

Physics  of  Ressjte  Sensing  (P) 


Sensing  Prinary  Subject 
Sensing  Supporting  Subject 


Faculty 

Person 

Reporting 

P.  Jan  Cannon 


f.  V.  Krebs 


R.  Sebewengerdt 

P.  N.  Sleter 

D.  f.  Post 
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Courses  Currently  Being  Taught  la  WRAP  StBtem 


State 

CALIFORNIA 


College  or 

University  Courses  Being  Taught  and  Units 

Reportlns  Undergraduate  Graduate 

Calif.  State  None  Hone 

University, 

Los  Angeles 


Hunboldt  State  GROG  181  (S)  - Urban  Geography  (4) 

University  GEOG  190  (S)  - Geog  for  Teachers 

(4) 

CARTOG  101  (S)  (4) 

GEOG  196  (S)  (4)  - Intro  to 
Cartog. 

Renote  Sensing  of  Envlronaent 
106  (P)  (2) 

Air  Photo  Interpretation  106  (P)  - 
Forestry  Applications  of  Low 
Altitude  Photos  (4) 

Advanced  Principles  of  Renote 
Sensing  206  (P)  (3) 


Calif.  State 
Poly tech. 
University, 
Pomona 


PHYS  GEOG  101  (S)  (4) 

GEOG  310  (P)  - Earth  from  Space 

(4) 

GEOG  410  (P)  - Photographic 
Remote  Sensing  (4) 

Field  Geog  309  (S)  (4) 

GEOG  311  (S)  - Cartography 
(4) 

Calif.  Geog  351  (S)  (4) 

GEOG  103  (P)  - Image  and 
Hap  Interpretation  (4) 


Calif.  State  GEOG  305  (P)  - Photo  Inter- 
Unlverslty,  pretatlon  (4) 

Northrldge  GEOG  407  (P)  - Remote 
Sensing 


Faculty 

Person 

Reporting 

T.  D.  Best 


J.  S.  Leeper 


L.  Fox  III 


C.  S.  Miller 


R.  M.  Hewconb 
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State 

CALIFORNIA 

(Continued) 


Couraea  Currently  Being  Tauaht  In  WRAP  Staten 


College  or 
University 
Reportlna 

Courses  Being  Taught  and  Units 
Undercraduate 

Graduate 

University  of 
California  at 
Los  Angeles 

GEOL  150  (P)  - Remote  Sensing  for 
Earth  Scientists  (3) 

University  of 

Southern 

California 

Physical  Geography  (S)  (4) 
World  Regional  Geography 
(S)  (4) 

Marine  and  Coastal  Zone 
Geography  (S)  (4) 

GEOL  680  (P)  (3) 

Computer  Graphics  Workshop 
(S)  (4) 

Calif.  State 

College, 

Bakersfield 

Remote  Sensing  Is  taught  as  a 
supporting  subject  In  Geography, 
Earth  Sciences,  Envlronamntal 
Sciences 

Calif.  State 

College, 

Stanislaus 

Urban  Geography  (S)  (3)  (also 
graduate  course) 

Geog  of  Resource  Planning  (S) 
(3)  (also  graduate  course) 
Geog  of  Europe  (S)  (3) 

Calif.  State 
University, 
Long  Beach 

GEOL  331  (S)  - Geomorphology  (3) 
GEOL  464  (S)  — Geological 
Oceanography  (3) 

GEOL  570  (P)  - Adv.  Geomorphology 

University  of 
California, 
Santa  Barbara 

GEOG  115A  (P)  - Geographic  Photo 
Interpretation  (4) 

GEOG  115C  (P)  - Geographic  Remote 

Sensing  Techniques  (4) 


Faculty 

Parson 

Raaortina 

F.  SAblna 


J.  H.  McDonald 


H.  H.  Wake 


M.  B.  Aanodt 


B.  L.  Conzey 


J.  E.  Estca 


GEOG  215  (P)  - Sealnar  In 
Reaote  Sensing  (4) 
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CoMCTM  CorreatlT  letiiK  Taiwtht  la  HKtf  St«t«s 


Sft« 

CALIfDBMlA 

(Coat.) 


Collage  or 
Uaiimrslty 
Eeoortlng 


Courses  Being  Taugiht  end  IfeiltB 
Undergreduete  Graduate 


Calif.  Poly- 
tedinic  State 
Unlvenlty, 
S»  iMla 
Obispo 


GICX!  30S  <S)  - Political  (3) 

GBOG  309  (S)  > California  (3) 

310  (S)  - Econoiiic  (3) 

6^  31S  (S)  > Urban  (3) 

GBOG  350  (S)  - Surc^  (3) 

AG  me  345  (P)  > Aerial  Pbotogra»> 
aetry  (3) 

AG  EHG  445  (P)  ~ Seaote  Senalng  (3) 


Calif.  State  GBOG  214  (P)  - Aerial  Photo 
Qnlveralty,  Interpretation  (3) 

Chico 


**Slerra  College 


Univeralty  of  Garth  Sciences  4 (P)  The  Earth 
California,  froa  Space 

Riverside  GEOG  168  (P)  - Remote  Sensing  of  the 

Envirotuseat  (Also  a graduate  course)  (4) 


San  Diego  GEOG  587  (P)  - Remote  Sensing  of  the 

Environment  (3) 


GBOG  687  (P)  > iMote 
Sensing  of  the  Envlroa- 
•ent  (3) 


Faculty 

Person 

Renortine 

D.  R.  Floyd 


m.  StrohMO 


C.  Belson 


V. 


L.  Bowden 


V.  Findh,  Jr. 


**CoaBuolty  College 
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State 

College  or 
University 
Reportins 

Courses  Being  Taught  and  Units 
Undergraduate  Graduate 

Faculty 
Person 
Report  Inc 

COLORADO 

Ft.  Lewis 

College, 

Durango 

GEOL  423  (P)  - Photogeology  (3) 
GEOL-EMG  390  (P)  - Introduction 
to  Remote  Sensing  (3) 

GEOL  401  (S)  - Environmental 
Geology  (3) 

R.  W.  Blair 

Colorado  State 
University, 

Ft.  Collins 

ER  402  (P)  - Principles  of  Remote 
Sensing  (2) 

ER  404  (P)  - Resource  Information 
Analysis  (3)  (Also  graduate 
course) 

ER  504  (P)  - Computer  Analysis 
of  Remote  Sensing  Dsts  (3) 

J.  A.  Smith 

University  of 
Denver 

Remote  Sensing  13-324  (P)  (Also 
graduate  course)  Introductory 
Course  (5) 

R.  D.  Rudd 

U.S.  Air 
Force  Academy 

GEOG  382  (P)  - Geographic  Appli- 
cations of  Imagery  Analysis  (3) 

C.  L.  Smith 

HAMAH 

University  of 
Hawaii 

GEOG  375  (P)  - Intro  to  Carto- 
graphy and  Photo  Interpretation 
(3) 

GEOG  470  (P)  - Remote  Sensing  (3) 
(Also  graduate  course) 

Sen-dou  Chang 
E.  Vingcrt 

GEOG  762  (P)  - Research  Sealoar 
in  Reaote  Sensing  (3) 


t 


IDAHO 


University  of  FUR  375  (P)  - Aerial  Photo  Inter- 
Ididio  pretatlon  of  Natural  Resources  (2) 

FUR  300  (P)  - Field  Aerial  Photo 
Interpretation  (1) 


J.  UlliMn 
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State 

IDAHO 

(Cont.) 


HONTANA 


NEVADA 


College  or 
University 
Reporting 


Courses  Being  Taught  and  Units 
Undergraduate  Graduate 


Faculty 

Person 

Reportinit 


University  of 
Idaho  (Cont.) 


FUR  470  (P)  - Fundanentals  of 
Renote  Sensing  (Also  graduate 
course)  (3) 


FUR  573  (P)  - Advanced  Aerial  J.  Ullli 
Photo  Interpretation  (2-3) 

FUR  502  (P)  - Renote  Sensing 
Seninar  (1) 


Montana  State  GEOG  310  (P)  - Aerial  Photo  Inter- 
Univ. , Bozenan  pretatlon  (3) 


University  of 

Montana, 

Missoula 


FORESTRY  351  (P)  - Intro  to  Photo 
Interpretation  and  Renote 
Sensing  (Also  graduate  course)  (4) 
FORESTRY  450  (P)  - Advanced  Aerial 
Photogransietry  (Also  graduate 
course)  (3) 

FORESTRY  451  (P)  - Aerial  Renote 
Sensing  (Also  graduate  course)  (4) 
FORESTRY  454  (P)  - Advanced  Inage 
Analysis  (Also  graduate  course)  (3) 
FORESTRY  499  (P)  - PhotogrMsetry  and 
Renote  Sensing  Problens  (Also 
graduate  course)  (1-3) 

FORESTRY  252  (S)  - Plane  Surveying  (4) 
FORESTRY  350  (S)  - Advanced 
Surveying  (4) 


Mackay  School  GEOLOGY  404  - Renote  Sensing  of  GEOLOGY  604  - Renote  Sensing  of 

of  Mines,  Unlv.  Environnent  Envlronnent 

of  Nevada,  Reno  (2  separate  courses  sane  description) 


J.  M.  Ashley 
F.  L.  Gerlach 


J.  Lints 


5f  f 

mmi 

HAEOTA 


Collcg*  or 
Oniwnlty 

l«portlBn 


Cmunm  Bolag  T«u^t 
Ondorgradwif 


mad  Onlto 

Craduato 


tfnlvaraity  of 
Morrli  Dakdca 


GiOG  275  (F)  - Intro  to  mMota 

Scnalng  (3) 

CTOG  422  (P)  - Craphics  and  Air 
Photo  latarpratatloQ  (3) 

GEOC  475  (P)  - Raaota  Sensing  Appli- 
cation md  taalvala  (3) 
we  375  (P)  - i«aof  S«»lnt 
Syatana  Engiaaerlag 

woe  575  <P)  - Samnar  la 
ianota  Saaalag 


Faevltp 

Parson 

Mm/gtirna. 


tf.  A.  Bnado 


GEOC  499  (P)  - Raadlnga  la  laaota 
Sanala,  (al«,  graduSa  coora.)  (3) 


GiOC  599  CP)  - Utaetad 
Stodlaa  In  lanota  tmmiam 
(3)  ^ 
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St«t« 

OSBOOM 


Coll«s«  or 
UnlvcnlCy 
R«l»ortti^_ 


Courses  Bsiag  Tsught  and  Oolts 
Undsrgrsdusts 


Crsdwsts 


Portlsnd  Stscs  CBOL  459  <S)  *•  Geologic  Interpre- 
Onlverslcy  cetloa  (3) 

(Proposed)  GEOL  410g  (P>  > Photo- 
geology  (Also  grsduete  course)  (3) 


Oregon  State  FOUSm  220  (P)  - Aerial  Photo 
University  Interpretation  (3) 


CEOC  413  (P)  - Aerial  Photo 
Interpretation  (Also  graduate 
courae)  (3) 

GEOG  414  (P)  - Benote  Senaing 
(Also  graduate  course)  (3) 


Kenotc  Sensing  in  Heaource 
Analysis 

CIVIL  ENG  362  (P)  - Fhotogran- 
netry  (2) 

CIVIL  EMC  462  (P)  - Photo  Inter- 
pretation (Also  graduate 
course)  (2) 


GEOG  413  (P)  - Air  Photo  Inter- 
pretation (Also  graduate 
course)  (3) 

GEOG  414  (P)  - Beante  Sensing 
(Also  graduate  course)  (3) 


FDBESnnr  520  (P)  - Aerial 
Photo  Hesuratlon  (3) 


GEOG  539  (P)  - Terrain  Analyals 
(3) 


CIVIL  EMC  561  (P)  - Photo- 
graastttry  (2) 

CIVIL  EMC  565  (P)  - Analytical 
Photograsswtry  (2) 


Paculty 

Person 

■sporting 

6.  T.  lenson 

0.  P.  Paine 
C.  L.  Bosenfeld 


B.  Sebrunpf 
K.  J.  Schnlts 


J.  F.  Labey 


Com»«»  Cunputiir  l«ln«  Tamiltt  In  WMF  Sft— 


College  or 

OnlvorslCy  CouroM  Bolag  Tougbt  and  Ihilto 

Stoto  Koportlna  Undororodoaf  Cradoata 


OHBOON  **Traaaura  Val-  Awrlal  Phocograaawcry  (P)  (3) 
(Cone.)  lay  Coanunlcy 
Collaga, 

Ontario 


SOOTH 

OMCOTA 


o 

N 

O' 


UTAH 


**Soutlwaatam  Aarial  PliotograaawCTy  (?)  (3) 
Oragoo  Conn. 

Collaga, 

Coos  Bay 


South  Dakota 
Stata  Only., 
Brookings 


Plane  Sclanca  ond  Gaog  310  (S)  - 
Intarpratatloo  of  Soils  (4) 

Geography  (P)  - Basic  Ranote 

Sanslng  (Also  graduata  coursa)  (-) 

Caography  (P)  > Advancad 
Banota  Sanslng  (<•) 

Elact.  Eng.  (S)  • Coaaamlcatlons 
and  Pattern  Recognition  (-) 

Caography  (S)  > Cartography  («) 

Civil  Englnaarlag  (P)  - Photo^' 
grannaery  (-) 


South  Dakota 
School  of  Minas 
B Tachnology 


CBOL  682  (P)  > Caonorphology-> 
Air  Photo  intarpratatloo 
(Also  graduata  coursa)  (3) 


CBOL  599  (1)  • Hanots  Sanslng 
of  tha  Envliannent  (6) 

CBOL  702  (P)  • Special  Topics 
in  Caology  (1>6) 


University  of  CROC  347  (P)  - Aerial  Photo  Inter- 
Utah  preeatlon  (Also  graduate  course)  (4) 

GSCC  547  (P)  - Advanced  Aerial 
Photo  Intarpratatloo  (5) 


Pacnlty 

Parson 

Itnwiisi 

E.  Bnotha 


B.  Laa»lna 


P.  C.  Westln 
0.  Moors 


t.  B.  Eoln 


C.  M.  Lae 


**Coanunlty  College 


CROC  522  (P)  - Land  Use  Planning 
(Also  graduate  coursa)  (4) 
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State 

Colima  or 
Italvctalty 
laportlai 

Couraea  Belag  Taught  and  Ihiltt 
Oadcr^raduote  Craduote 

Paculty 

Person 

Resortinn 

IUS81MCT0M 

Unlwarslty  of 
Haahtetton 

Urhaa  Plaaaiag  46S  (S)  > Land  Use 
(Also  graduate  course}  (3) 

Urban  TlwmlBg  49l»  (9)  - Orbaa 
Analysis  with  Satellite  Oaca  (Also 
graduate  course)  (3) 

CETC  (P)  - Acnote  Ssnalag  of 
Eouiroanent  (Civil  engineer- 
ing course)  (2) 

Urban  Planning  SM  CP)  - Advanced 
Planning  LAoratory  (S) 

J.  g.  Oolcord 
R.  D.  Sai:ui 

Muhlngtoo 
State  Oal*. 

Solls/Focestry  31f  (S)  (1) 
Soils  415  (S)  (3) 

R,  1.  fnsier 

mmiiK: 

Ihilwersity  of 

Wyoadof 

Geography  (P)  • Introduction  to 
Air  Photo  Interpretation  (Also 
grwiuate  course)  (3) 

L.  OitraA 

0 

University  of  Hawaii  at  Manoa 

D«pMtiBMl  af  Gaotriyliy 
Porteus  Hall  445  • 2424  Malle  Way 
Honolulu,  Hawaii  96822 
(8061  IM8-84K 

1 Augtist  1978 


Dr.  Robin  Welch 

Western  Regional  Applications  Progreun 
NASA  Antes  Research  Center 
Hail  Stop  240>7 

Hoffett  Field,  California  94033 
Dear  Robin: 


I am  sorry  about  the  delay  in  responding  to  your  dunning 
ratters  about  my  CORSE  Faculty  Needs  Questionnaire.  I’ve  been  on  the 
road  and  I wanted  to  take  some  time  and  write  you  an  accompanying 
letter  to  comment  on  scane  things  which  weren’t  possible  to  develop 
on  the  ’Needs'  form. 

Briefly,  I enjoyed  the  conference  most  for  the  opportunity 
to  develop  a wide  range  of  interdisciplinary  contacts  but  I think  the 
most  general  benefit  accrued  to  the  participants  who  came  with  a 
minimum  of  remote  sensing  background.  One  of  our  staff  members  went 
doubtful  but  came  away  seriously  discussing  the  possibility  of  establishing 
a joint  remote  sensing  course  aimed  at  the  needs  of  the  plemning  program 
in  Honolulu.  However,  I believe  some  of  the  ’novices’  may  have  come  away 
with  a view  of  academic  remote  sensing  which  is  at  odds  with  my  own 
conception  of  the  field  and  it  is  to  this  problem  that  I would  like  to 
addresn  the  balance  of  this  letter. 

I think  that  the  aura  that  I perceive  as  the  problem  arose 
from  two  factors.  First,  the  conference  organization  was  structured  to 
answer  questions  which  weren't  necessarily  important  to  educators 
embarking  into  remote  sensing.  Secondly,  and  probably  understandably, 
the  conference  seemed  to  revolve  around  the  assumption  that  NASA  is 
the  critical  factor  .'n  remote  sensing  education.  The  latter  point  was 
obvious  when  a formal  effort  was  made  to  include  discussion  of  the  NASA 
link  in  every  session  which  often  made  the  interchange  of  ideas  more 
difficult  than  necessary.  The  combination  of  these  two  factors  made 
the  conference  cumbersome.  Organized  a little  differently  everything 
that  was  accomplished  in  five  days  could  probed^ly  been  done  in  less  than 
three  days. 


preceding  page  blank  not  pilmed 
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The  first  point  that  I feel  was  overemphasized  is  the  need 
for  a proliferati(M>  of  remote  sensing  courses.  1 see  no  need  in  our 
institution  for  duplication  of  coursework  in  other  disciplines  but 
only  a need  for  in^Jroving  existing  courses.  Our  administration  makes 
it  difficult  to  establish  courses  in  various  disciplines  with  any  major 
degree  of  overlap.  We  have  no  difficulty  genei  ;ti:iv  interest  among 
students  or  acquiring  program  sx^port  but  it  is  ver'^  important  that 
r^K>te  sensing  does  not  become  a 'glossy*  tangent  in  our  (or  I think  any) 
academic  program.  In  order  to  have  remote  sensing  become  better  taught 
and  more  integrated  in  our  discipline  and  university  offerings,  our 
department  needs  three  things. 

1.  Additional  faculty  time  devoted  to  course  and  research  development. 

S.  D.  Chong  and  I are  too  thinly  spread  with  our  other  commitments. 

We  are  not  able  to  use  the  equipment  we  have  as  effectively  as  we 
would  like.  I doubt  that  we  will  ever  (or  should  ever)  become  a 
major  center  for  the  development  of  application  or  ^malysis  so 
beyoiul  better  use  of  our  computing  facilities,  we  need  more  staffing 
rather  th^m  massive  inputs  of  equipment  which  we  could  not  adequately 
utilize. 

2.  We  need  current  tecluiical  information  and  sample  imagery.  We 
would  rather  handle  our  own  imagery  reproduction  for  teaching 
sets  so  we  only  need  access  to  some  sori-  of  lending  library  of 
the  newr  types  of  imagery  and  basic  giitu-.d  truth  cU»d  technical 
information.  It  seems  that  unless  an  institution  or  individual 
is  directly  involved  with  NASA  or  USGS  funded  research,  there  is 
no  channel  for  systematic  acquisition  of  technical  system 
infonnation  beyond  the  few  user  courses  available.  To  the  present, 
our  best  source  of  LANDSAT  and  SEASAT  information  is  frean  a 

New  Zealand  physics  group  whexn  we  sporadically  communicate  with 
through  the  Pacific  basin  PEACESAT  network. 

3.  We  would  like  to  develop  more  extensive  and  more  appropriate 
classrocHR  use  of  digital  analysis  methodology.  Our  stumbling 
blocks  are  the  prohibitive  cost  of  CCT's  and  not  having  an  in-house 
programmer  of  sufficient  expertise  to  generate  sophisticated  code 
for  small  set  classroom  instruction.  Because  of  running  cost  we 
have  little  anticipated  need  for  the  VICAR  or  LARSYS  type  of 
programs.  We  need  help  in  developing  teaching  progreuns  that  deal 
with  a relatively  few  pixels  at  a time,  sranething  that  will  allow 
students  to  understand  classification  not  classify  massive  data 
blocks . 


Is  there  any  way  where  NASA  or  some  other  agency  could  copy 
tapes  on  user  supplied  tapes  on  a time  available  basis?  The  unit  cost 
of  CCT  images  places  them  in  our  university's  equipment  classification 
which  is  at  present  extremely  difficult  to  tape  except  for  replacement 
or  repair. 
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The  following  paragraph  is  pivotal  to  two  problems  discussed 
at  great  length  at  CORSE-78.  The  primary  function  of  a university  is  to  j 

develop  knowledge  and  to  disseminate  the  latest  and  best  thinking  along  ; 

generally  discipline  paths.  In  a more  specific  sense,  I feel  it  is  my 
primary  job  as  a teaching  faculty  member  to  develop  in  students  the 
ability  to  think  analytically  about  any  topic  they  encounter  within  the 
context  of  course  material. 

1.  1 strongly  object  to  the  concept  that  disciplines  exist  in  a 

university  primarily  for  vocational  reasons.  An  excellent  student  • 

is  a good  employee  because  he  thinks  analytically  areJ  flexibly 

not  because  he  has  a certain  body  of  technical  knowledge.  This  is  s 

an  importeuit  consideration  when  the  technology  is  auiveuicing  at  a I 

rapid  enough  rate  (as  it  is  in  remote  sensing)  to  cut  distance  j 

the  substantive  fields  tbat  enploy  the  technology.  As  this  j 

differential  grows,  the  technology  will  start  to  determine  what 
questions  are  asked.  I think  that  wholesale  'technology  transfer'  | 

is  potentially  dangerous  in  the  production  of  students  who  think  * 

in  terms  of  'convenient  applications*  or  questions  that  data  is 
appropriate  to  approach. 

2.  The  viewpoint  that  the  university  is  a technical  training  group 
can  cause  conflicts  with  other  state  agencies.  It  is  certainly 
within  the  realm  of  university  functions  to  offer  specialized 
training  and  workshops  to  establish  practical  application  of 
remote  sensing  but  it  is  not  any  academic  department's  major 
function.  The  university  is  primarily  a developmental  group  and 
if  NASA  prcxnotes  strictly  technical  training  and  applications  in 
its  desire  to  transfer  its  'education'  function  to  the  university, 
conflict  of  function  and  interest  with  other  agencies  could  develop 

or  worsen.  For  this  reason,  if  NASA  decides  to  pursue  the  * 

suggestion  put  forth  at  one  of  the  Science  Council  meetings  that  ; 

brief  academic  seminars  be  presented  by  NASA  personnel  in  the  ; 

WRAP  states,  the  programs  should  vary  depending  on  local  needs. 

In  this  case  I think  state  Science  Council  members  could  aid  in  j 

progreun  tailoring  to  fit  different  state  needs.  j 

f 

I 

j 

1 feel  that  is  unfair  of  me  to  be  critical  of  conference  ! 

points  without  some  suggestions.  If  I were  a beginning  teacher  of  i 

remote  sensing  and  were  given  the  opportunity  to  attend  CORSE-79,  the 
following  points  are  some  of  the  things  I would  like  to  hear  discussed.  i 

1.  Before  even  thinking  about  problems  in  teaching  remote  sensing  ! 

there  must  be  some  degree  of  'critical  mass'  of  technical  and  i 

analytic  information.  I know  it  was  not  intended  to  make  CORSE 

i 
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just  snotiter  short  course  so  maybe  a series  of  10  or  15  good 
reqpiired  readings  before  attendance  would  be  useful.  I think 
that  instead  of  topical  presentations  aimed  at  all  possible 
interested  parties,  question  and  answer  sessions  in  those  aureas 
could  fit  individual  needs  more  closely  as  well  as  stimulate 
^ofitedsle  directions.  Vlith  the  abundance  of  technical  experts 
in  raaote  sensing,  sessions  with  prepared  individuals  could  be 
exciting  and  instructive. 

2.  A{^licati<H>s  are  in^rtant  to  a field  like  remote  sensing.  So 
instead  of  a series  of  panels  who  tried  to  give  NASA  infojnaaticxk 
about  their  needs,  it  would  be  useful  to  have  well  organized 
presentations  on  proven  applications  with  user  groups  zuid 
accuracy  rates  and  types  of  analyses  that  have  not  proven 
valuable.  This  should  not  be  just  a group  of  experts  listing 
their  latest  research  coups  but  the  people  who  are  doing  the  work. 

3.  As  I mentioned  before  technical  r^note  sensing  is  badly  outstrif^ing 
the  development  of  thoughtful  problem  (dlsicipline)  eutalysis  and 
philosophy  (with  a few  exceptions  like  Ida  Boos  and  others) . 

If  the  field  of  remote  sensing  is  not  to  become  so  fragmented  as 
to  become  a set  of  specialities,  the  philosophical  depth  will 
develop  in  time.  However,  much  could  be  done  to  speed  the  grovrth 
of  conceptual  thought.  The  most  interesting  paurts  of  CORSE  78 
to  me  were  discussions  related  to  goals  and  reasons  for  teaching. 

Both  the  Science  Council  discussions  and  debates  between  Colwell 
and  Colcord  brought  up  provocative  points  about  training  and  vd>y 
we  are  teaching  remote  sensing.  When  I thought  about  specifics 
that  I would  have  liked  to  have  heard  discussed,  1 came  up  with 
the  following  partial  list. 

A.  Theoretical  Considerations;  An  image  can  be  treated  as  a 

two  dimensional  data  surface; 

a picture  of  process;  a sample;  a result  of  an  atmosphere  and 
system  transformation  of  a data  set;  and  other  things  including 
just  a pretty  pictiure  that  lets  someone  synthesize  relationships. 
Each  has  implications  to  the  choice  and  result  of  the  data 
analysis  system. 

B.  Underlying  Assumptions:  We  can  often  be  accused  of  over-zealous 

promotion  of  remote  sensing — where 
should  it  be  used  and  what  makes  a problem  appropriate,  surely 
there  must  be  more  than  just  the  availability  of  imagery? 

C.  Decision  Making:  How  are  choices  made  in  the  analysis  technique 

to  be  employed;  where  do  the  tenets  of  planning 
theory  or  gecanorphology  enter  into  deciding  how  £ui  imaging  system 
or  analysis  system  is  designed? 
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D.  Philos^ihy  o£  Teaching:  X api^coach  the  teaching  of  r«DOte 

sensing  as  a gra^ic  analysis  s|>ecialist. 
My  students,  in  addition  to  measuraiBent  anA  digital  ai^roaches 
are  expected  to  be  able  to  learn  to  view  tonal  gradients,  define 
texture,  theorise  on  «diats  in  the  next  frane,  etc.  Every 
instructor  gives  students  different  philosophies.  Sene 
discussion  of  those  topics  %iould  be  of  interest. 

E.  In  terns  of  audience,  background,  etc.,  there  are  aany  other 
kinds  of  renote  sensing  courses  beyond  just  beginning,  intezsM^iate 
and  advanced.  What  are  the  choices  in  different  structuring? 

Unfortunately  many  of  the  above  topics  aren't  very  anenable 
to  a lecture  foxnat.  But  sane  of  those  kinds  of  things  would  have  been 
useful  when  X was  setting  up  courses  and  they  resMin  i^ortant  to  sie  as 
X change  and  adjust  ny  topics  and  labs  to  fit  ^atever  ny  concept  of 
tdiat  a university  student  in  roaote  sensing  needs. 

Sorry  again  for  the  delay  in  the  evaluation  fom  and  if  this 
epistle  got  rather  long-winded.  You  and  Hick  and  the  others  are  to  be 
congratulated  for  the  troaendous  amount  of  work  you  e:^nded  to  make 
COR^-78  sooething  other  than  just  another  gee-whiz  workshop.  I enjoyed 
B^self  and  will  change  lay  own  course  by  about  a qu£u:ter  as  a direct 
result  of  the  presentation  emd  discussions. 

Sincerely, 


Everett  A.  Wingert 
Associate  Professor 
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